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AUTHOR'S PREFACE. 



It has not been my intention to enlarge the present volume 
beyond the scope of a text-book ; all disconnected facts and 
mere descriptive matter have therefore been omitted. In 
original research, every fact, however isolated it may at first 
seem, may prove of inestimable value as a starting-point 
for fresh ideas and ii^quiries. For this reason, an exhaustive 
account of all facts is both valuable and necessary in a 
hand-book. But a text-book should merely seek to initiate 
and interest the student, and to acquaint him with the 
principal achievements of investigation in biological sequence. 
A mass of statements and details would weary and disgust 
the beginner, and might deter him from pursuing the subject 
altogether. But if interest once be awakened by a sug- 
gestive though inadequate treatment of the subject, the defi- 
ciencies may readily be supplied by recourse to the hand- 
books, or, better still, by a careful perusal of the original 
works. 

Descriptions of analytic methods have also for the most 
part been avoided, as they would have interrupted the main 
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narrative, and as we already possess numerous standard 
works on chemical analysis in physiology and pathology, 
such as those by Hoppe-Seyler, Leube and Salkowski, 
Neubauer and Vogel. With the aid of such teachers as 
these, analysis should be learnt and practised in the 
laboratory. 

On the other hand, I have endeavoured to introduce 
everything that is at present ripe for a connected account. 
Especial care has been bestowed on the references. The 
original memoirs quoted have been so chosen that, with 
them as a basis, the reader who is desirous of pursuing the 
study of physiological chemistry, will readily be able to 
find his way through its remaining literature, and will also 
have his attention drawn to those works which were beyond 
the scope of my subject. 

If my lectures succeed in inducing the study of the 
original sources, my aim will have been attained. Of what 
use would it be to the medical student to learn up an 
exhaustive treatise on physiology? In a few years he 
would be no wiser than before. In science, it is imperative 
that all academic teaching should be so directed as to 
render the student capable of following its progress. For 
this, a thorough knowledge of the exact sciences, physics, 
and chemistry, is requisite; he will then be in a position 
to read physiological works, which he should be led to 
weigh and discuss critically. No one will ever regret time 
and trouble spent in this way. Later in life, he will find 
that he can always increase his knowledge, and that all 
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medical T?ork will be the easier for it. An intimate acquaint- 
ance with the exact natural sciences would shorten and 
simplify medical study. 

The object I have kept in view throughout these lectures 
has been to enable the beginner to refer at once to the 
most valuable passages in the original works, whenever his 
interest has been excited in any question of physiological 
chemistry. 

G. BUNGE. 

BIlb, 

Jtay, 1889c 
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LECTURE I. 

INTRODUCTION — VITALISM AND MECHANISM. 

By way of introduction, I may be allowed to lay before my 
readers the views I hold on the aims and prospects of modern 
physiological research. We read in numberless physiological 
papers, and in the introduction to almost every text-book of» 
physiology, that the object of physiological inquiry is to 
explain the phenomena of life by physical and chemical, and 
therefore ultimately by mechanical laws. A physiologist of 
the present day would be regarded as lacking both in intelli- 
gence and industry, were he t^ take refuge, as at one time the 
" vitalists " did, in the assumption of a special " vital force " 
as a means of explaining biological problems. I can only 
accept this view in a modified form, and with the understand- 
ing that no explanation is offered by a mere term. I regard 
^' vital force " as a convenient resting-place where, to quote 
Kant, *' reason can repose on the pillow of obscure qualities." 
But I cannot assent to the doctrine which some opponents 
of vitalism maintain, and which would have us believe that 
in living beings there are no other factors at work than simply 
the forces and matter of inorganic nature. We certainly 
cannot recognize more than these forces, owing to the limita- 
tion of our powers, since in the observation of both organic 
and inorganic nature we always make use of the same 
organs of sense, which react only to certain forms of motion. 
A /orm of motion transmitted to the brain by the fibres of 
the optic nerves arouses in us the consciousness of light and 
colour; the consciousness of sound is due to another form 
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2 LECTURE I. 

of motion transmitted by the auditory nerve ; all our sensa- 
tions of taste and smell, of temperature and touch, are due 
to forms of motion. At least this is what physics teaches 
us; these appear to be at present the most fruitful hypo- 
theses. It would indeed be a lack of intelligence to expect, 
with the same senses, to make discoveries in living nature of 
a different order to those revealed to us in inorganic nature. 

But for the study -of organic nature we possess one addi- 
tional sense, our "internal sense;" the power of studying 
and observing the conditions and processes of our own 
consciousness. To hold that this also is a variety of motion, 
is, in my opinion, an untenable doctrine. The simple fact 
that many conditions of consciousness have no relation to 
space is opposed to such a view. Only what consciousness 
has acquired by certain senses, sight, touch, muscular 
sense,* is related to space. All other sensations, emotions, 
passions, and an unlimited number of ideas have no relation 
to space, but only to time. We cannot here, then, speak of 
a mechanism. It might be suggested that this is only an 
apparent difference — that in reality these also have dimen- 
sional properties. But such an opinion cannot be sustained. 
We suppose that objects which we perceive with our senses 
have dimensional properties simply on the ground that, so 
far as we can observe them by means of our senses, touch 
and sight, they seem to possess them. But, for the whole 
world of our internal sense, we have not even this apparent 
reason, so that we cannot admit that there is any ground 
for such a supposition. 

* The ideas of space, which are connected with the sensations of sight and 
tonoh, may bo bronght about by the complex muscular apparatus, which plays 
a pnrt in all the functions of tlie organs of sight and touch. This is also true 
of the so-called ** common sensations." The ideas of space may be due to the 
sensory fibres of the muscular nerves only. This view was first upheld by 
Steinbuch (** Beifrage zur Pliysiologie der Sinne : " Kiimberg, 1811), and contested 
by Job. Miiller (** Zur vergleichenden Physiologic dee Gesichtssinnes," p. 52 : 
Leipzig, 1826), but, I consider, on unsatisfactory grounds. Job. Miiller was a 
supporter of Kant's doctrine of space, which likewise appears to me untenable. 
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Therefore the deepest insight we can gain into the most 
essential part of our nature shows us something quite 
different, shows us things which are without dimensions, and 
processes which can have nothing to do with mechanism. 

The opponents of vitalism, those who support the me- 
chanical explanation of life, usually seek to justify their views 
by saying that the further physiology advances, the more 
does it become possible to explain, on physical and chemical 
grounds, phenomena which have hitherto been regarded as 
associated with a special vital force ; that it is only a question 
of time ; that it will finally be shown that the whole process 
of life is only a more complicated form of motion regulated 
solely by the laws which govern inorganic nature. 

But to me the history of physiology teaches the exact 
opposite. I think the more thoroughly and conscientiously 
we endeavour to study biological problems, the more are we 
convinced that even those processes which we have already 
regarded as explicable by chemical and physical laws, are 
in reality infinitely more complex, and at present defy any 
attempt at a mechanical explanation. 

* Thus we have been satisfied to account for the absorption 
of food from the alimentary canal by the laws of diffusion 
and osmosis. But we now know that, as regards osmosis, 
the wall of the intestine does not behave like a dead mem- 
brane. We know that the intestinal wall is covered with 
epithelium, and that every epithelial cell is in itself an 
organism, a living being with the most complex functions ; 
we know that it takes up food by the active contraction 
of its protoplasm in the same way as observed in inde- 
pendent naked animal cells, such as amcebse and rhizopods. 
Observations on the intestinal epithelium of cold-blooded 
animals have made it obvious that the cells grasp the c^ 
particles of fat contained in the food by means of proto- *" 
plasmic processes which they send out ; that they incorporate 
the fat-globules with the protoplasm of the coll, which finally 
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passes them on to the commencement of the cbyle-vessels.* 
Ab long as this active intervention of cells -vtaa unknovm, 
it was impossible to nnderstand the remarkable fact that, 
altlioagh the minute drops of fat were able to pass through 
the intestinal wall, yet finely divided pigments, intentionally 
introduced into the intestine, remained quite unabsorbed, 
At the present time we know that all onicellnlar organisms 
possess the power of selecting their food, of taking up the 
Qsefol and rejecting the useless substances. In this con- 
nection, I may relate an interesting observation made by 
Cienkowski f on an amcsba, called the Vampyrella. 

The Vampyrella Spiro'jyrai is a minute red-tinged cell 
devoid of any special limiting membrane, and apparently 
quite structureless. Cienkowski could find no nucleus in the 
cell, and the small granules observed in the protoplasm were 
probably only residues of nutrient matter. This minute 
mass of protoplasm will take but one form of food, a particular 
variety of algffi, the Spirogyra. It can he observed to send 
out pseudopodia and to creep along the conferrte until it 
meets with a Spirogyra ; then it affixes itself to the cellulose 
coat enclosing one of the cells of the latter, dissolves the coftt 
at the point of contact, sucks in the contents of the cell, and 
travels to the next to repeat the proceeding. Cienkowski 
never saw the Vampyrella attack any other class of algte, or 
even take up any other substance ; vaucberise, cedogonife, 
purposely placed before it, were always rejected. 

Another monad, the Colpodella pufjnax, was observed by 
Cienkowski to feed exclusively on Chlamydomonas : " it punc- 
tures, as it were, the latter, absorbs the escaping chlorophyll, 

* B. Wiedi^htim hu giveo an ncoouot of tlio older literatnre, logothor vHh 
bis own iiiTeatigations on tlnn subJEct in tbo " FesUehrin tier 56. Vcrsammlniig 
deotacher Naturionclier and Aerzte, gewidinct voa del tiuturforKheDdmi 
OewlUabftTl lu Freiburg, i. B." Freibnrg und TUbingea : 1883 ; and Hwidonboin. 
mager'i Arch., vol. xli., Suppl. ; 13SS. 

t L. CicakowskI, "Beiliiise 2iir Kennluias dcr Nomnik'n," An-h. /. mihrruk 
Analomie, tuiI. i. p. 203 : 1805. 
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departs." " The behaviour of these monadB," says 
Cieukowski, "in tbeir search after food and their method of 
absorbing it, ia so remarkable, that one can hardly avoid 
tlie coDclasion that the acts arc those of conacioue beings." 

If this power of selecting food is possessed by the stme- 
tnrelesff^' maos of protoplasm, why should it not also be a 
function of the epithelium of our intestine ? Just as the 
Vampyrella picks out the Spirogyra from amongst all other 
aJgiG, BO do the epithehal cells of our intestine select the 
fat-drops and reject the pigment-granules. We know that 
the epithelium of the intestine prevents the absorption of a 
whole series of poisons, in spite of the fact tliat the latter 
are easily soluble in the gastric and intestinal juices. Indeed, 
we know that these poisons, when injected into tho blood, 
nre excreted by the intestine. 

It was likewise once thought that the activity of glands 
and the processes of secretion were in the main explicable by 
osmosis. But we now know that here too the epithelial cells 
play an active part. Here again we find the same mysterious 
power of selection, of picking out certain constituents of the 
blood, of altering them by processes of synthesis and decom- 
position, of sending some into the ducts of the glands, and 
others back into the Ij'mph and blood. The epithehal cells 
of the lacteal gland collect all the inorganic salta from the 
blood — which has a totally different constitution — in the 
«xact proportion required by the infant, that its growth and 
development may assimilate it to its [mrouts. These phe- 
nomena cannot at present be explained by the laws of 
diffusion and osmusis. 

AH the cells of our tissues possess the same wonderful 
powers as the leucocytes and epithehal cellsof the alimentary 
canal, and of glands. Consider the mode of development of 
oar organism : oil tissue-elements are produced from a 
single ovum, and in proportion as the cells increase by 
leutatiou, tUey become differentiated on the principle of 
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the division of labour; every cell acquires the faculty of 
rejecting some substances, of attracting others and storing 
them up, thereby attaining the composition necessary for the 
due fulfilment of the functions it has to perform. But it is 
hopeless to offer a chemical explanation of this process. 

Just as little has it been possible, in other branches of 
physiology besides that of nutrition, to refer any single 
vital process to the laws of chemistry and physics. 

We have sought to explain the functions of nerve and 
muscle by the laws of electricity, and must now admit that 
electrical processes have been demonstrated with certainty 
to occur in the living organism only in a few fishes ; or even 
if we grant that electrical currents have been decisively 
proved to exist in muscles and nerves, we are bound to 
confess that the explanation of the functions of nerve and 
muscle is but slightly advanced thereby. 

It may be suggested that the physiology of the special 
senses offers a field for precise physical explanations. It 
is true that the eye is a physical apparatus, an optical 
apparatus, a camera obscura. The image on the retina is 
formed by the same unchanging laws of refraction as the 
image on the sensitive plate of a photographer. But it is not 
a vital process. The eye is absolutely passive in the matter. 
The image on the retina is formed in an eye separated from 
the body and dead. The development of the eye is a vital 
process. How is this complex optical apparatus formed? 
Why do the cells arrange themselves so as to form this 
wonderful structure? This is the great problem towards 
the solution of which nothing has yet been done. The 
succession of events in development may indeed be observed 
and described, but of the wherefore, the causal connection, 
we know absolutely nothing. The process of accommodation 
is a vital process. Here again we have to deal with the old 
unsQlvei question of muscle and nerve. The same is true 
of the other organs of sense. We can explain physically 
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nothing but those processes in which the organ is quite 
passively set in vibration by external impulses. 

The same is true of all other branches of physiology. We 
have endeavoured to explain the phenomena of the circulation 
of the blood on a physical basis. The blood is certainly 
subject to the laws of hydrostatics and hydrodynamics^ but 
it is perfectly passive as regards circulation. No one has 
hitherto been able to explain the active functions of the heart 
and muscular wall by a reference to physical laws. 

I maintain that all the processes of our organism capable 
of explanation on mechanical principles are as little to be 
regarded as vital phenomena as the rustling of leaves on a 
tree, or as the movement of the pollen when blown from 
stamen to pistil. Here we have a form of motion essential 
to the phenomenon of life, and yet no one would consider it a 
vital act, simply because the pollen is quite passive under it. 
It does not in the least alter the main point at issue, whether 
the source of motion is formed by the kinetic energy of the 
wind, or by the sunlight which induces the wind, or by the 
latent chemical energy into which the sunlight has been 
converted. 

The mystery of life lies hidden — ^in activity.* But the idea 
of action has come to us, not as the result of sensory percep- 
tions, but from self-observation, from the observation of the 
will, as it occurs in our consciousness, and as it manifests 
itself to our internal sense. When our external senses meet 
with this same activity, we cannot recognize it. We see its 
results and accompaniments, the various forms of motion, 
but the thing itself we do not see. We have no organ for its 
perception; we can only hypothetically accept its existence, 
which we do when we speak of "active movement.'* Every 
physiologist does so, nor can he manage without such a 

* Activity and life are perliaps two words for the uame idea, or rather two 
words to which no definite idea is attached. And yet these vague terms are all 
that we have at our command. Hero wc approach the most dilBcult problems, 
which have foiled all attempts at solution. 
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conception. This is the first attempt towards a psychological 
explanation of all vital phenomena. We transfer to the 
objects of onr sensory perception, to the organs, to the tissue- 
elements, and to every minute cell, something which we have 
acquired from our own consciousness. 

If, as it thus appears, it is impossible to explain vital 
phenomena by the help of physics and chemistry alone, we 
must inquire what the other auxiliaries to the science of 
physiology — the morphological sciences, anatomy and his- 
tology — can do for us. 

I hold that there is at present but little likelihood of 
attaining our aim by their means. For when we have, with 
the aid of scalpel and microscope, carried our anatomical 
analysis to its utmost limit, to the simple cell, we still have 
the great problem to face. The most simple cell — a formless, 
structureless, minute mass of protoplasm — exhibits all the 
essential processes of life, as nutrition, growth, reproduction, 
movement, reaction to stimulation ; it even displays functions 
which act at least as a substitute for the psychical powers of 
higher organisms. You will remember that it is so in the 
case of the Vampyrella, and I should like to call your 
attention to the still more remarkable observations which 
Engelmann has made on the Arcellse.* 

The ArcellaB are also unicellular organisms, but they are 
more complex than the Vampyrella, because they have a 
nucleus and a shell. This shell has a convex-concave form. 
In the middle of the concave side of the shell is an opening 
from which the pseudopodia project, appearing as clear pro- 
tuberances at the edge of the shell. If a drop of water 
containing arcellae be placed under the microscope, it often 
occurs that one of them falls on its back, as it were, i.e. with 
the convex side downwards on the slide, so that the pseudo- 

♦ Til. M. EngelmanD» "Bcitrage zur Physiologie des Protoplasma," Pfluger*8 
Arch.y vol. xi. p. 307 : 1869. Compare also Pdiiger'B Arch.j vol. xxv. p. 228 ; 
vol. xxvi. p. 541 ; and vol. xxx. pp, 96, 97. 



INTRODUCTION — VITALISM AND MECHANISM. 

podia wliicli appear at the etlge of the shell cannot reach any 
BUpport. It is then observed that, near the edge on one side, 
miQute bubbles of gas make their appearance in the proto- 
plasm ; this side consequently becomes lighter and floata up, 
so that the animal notf rests upon the opposite sharp edge. 
It is now able, by means of its pscudopodia, to grasp the 
slide and thus completoly to turn over, bo that all tbe pseudo- 
podia are do^vnwards. The gas-bubbles now disappear, end 
the animal crawls away. If a little water containing aroellte 
be dropped on the under side of a cover-glass, and the latter 
be placed on a small gas-chamber, it is observed that the 
animalcales at first sink to the bottom of the drops. If they 
find nothing to lay hold of, large bubbles of gas are developed 
in tbe protoplasm, and as tbey are thus rendered specifically 
lighter than the water, they rise in the drops. If they reach 
tbe surface of the glass in such a position that they cannot 
attach themselves to it by thcJr pseudopodia, the gas-bubbles 
are diminished on one side or Increased on the other (some- 
timea simultaneoualy on both), until a tilting takes place and 
tbe edge of the shell comes in contact with the glass, and they 
ore thus enabled to turn over. AVhen once this is accom- 
plished, the bubbles again disappear, and the animal can now 
crawl freely about tbe glass. It the arceUie are carefully 
detached by means of a needle, they at &isi fall to the bottom, 
and then go through the same proceedings anew. Whatever 
attempt may be made to put them into an inconveuient 
position, tbey are always able, by the development of gas- 
bubbles of appropriate size and at the proper spot, to right 
themselves, so that they acquire a position favourable to 
locomotion; and the attainment of this object is always 
followed by the disappearance of the bubbles. " It cannot be 
denied," saysEugelmann, " that these facts point to psychical 
processes in the protoplasm." 

Whether this view of Eugelmann's is justified or not, I do 
not venture to decide. I will even unreservedly admit that 
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these remarkable phenomena may find a mechanical expla- 
nation. I have brought these facts to your notice merely in 
order to show you what complex manifestations of life we 
meet with, in cases where microscopical investigation has 
already reached its limit, and how little it has at present 
been possible to explain any single vital process on purely 
mechanical grounds. For the cells of which our body is 
composed, exhibit processes which are at least as complicated 
as those of the simple organisms. Every one of the innu- 
merable microscopical cells of which our body is made up is 
a microcosm, a world in itself. 

It is a well-known fact that through one single sperma- 
tozoon, through this minute cell, five hundred million of which 
woald hardly occupy one cubic millimeter, all the physical 
and intellectual peculiarities may be transmitted from father 
to son, or, even skipping the son, may again, by the agency 
of one single minute cell, reappear in the grandson. If this 
is really a mechanical process, how wonderful must be the 
molecular structure, how complicated the interchange of 
forces, how intricate the forms of motion, in this small cell 
which shall direct all subsequent forms of motion, and the 
mode of development for generations ! And how shall this 
minute structure transmit mental qualities? Here we are 
utterly abandoned by physics, chemistry, and anatomy. 
Many centuries may pass over the human race, many a 
* 1 y thinker's brow be furrowed, and many a giant worker be 
''^^^ worn out, ere even the first step be taken towards the 
J^ ••A^f-^^^^solution of this problem. And yet it is quite conceivable that 
(^ijyJU^^I) a sudden flash of light may illumine the darkness. You 
<l^-('f^' would misunderstand me, were you to take my exposition 
as a confession that I imagine, that science has impassable 
boundaries. Science will continue to ask and to answer 
ever bolder questions. Nothing can stop its victorious 
career, not even the limitations of our intellect. This too is 
capable of being made more perfect. There is no rational 
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ground for thinking that the continuous progression, develop- 
ment, and ennoblement of type which has been going on 
for centuries on this planet, should come to an end with 
us. There was a time when the only living creatures 
were the infusoria floating in the primeval sea, and the time 
may come when a race may dominate the globe as supe- 
rior to ourselves in intellectual faculties as we are to the 
infusoria. 

We must, therefore, unreservedly admit that the stupendous 
difficulties which at present beset physiological investigations 
may finally be overcome. But for the moment it is not 
apparent how any further progress of importance can be 
made with the help of chemistry, physics, and anatomy only. 
The smallest cell exhibits all the mysteries of life, and our 
present methods of its investigation have reached their limit. 

But we may improve our methods, we may acquire 
microscopes of still higher power than those we now possess. 
The cell which at present appears to be without structure, 
may show a nucleus when treated with some new stain. 
And the nucleus itself displays a structure so complex that 
it will soon require the entire attention of numerous observers 
for its adequate investigation and description. But unfor- 
tunately a complex structure is no explanation ; it only offers 
a hew problem as to its mode of origin. And, moreover, how 
little does our knowledge of this structure help us to under- 
stand even the simple processes observable in the Yampyrella 
and the Arcella ! 

For all this, physiological inquiry must commence with 
the study of the most complicated organism, that of man. 
Apart from the requirements of practical medicine, this is 
justified by the following reason, which leads us back to the 
starting-point of our remarks : that in researches upon the 
human organism we are not limited to our physical senses, 
but also possess the advantage afforded by the "internal 
sense," or self-observation. 



12 LECTURE I. 

To the clear recognition of the value of this method, 
which enables us to attack the problem from two sides, is 
due Johannes Miiller's great discovery of the law of the 
'' specific energy of the senses/* which is without doubt the 
greatest achievement both of physiology and psychology, and 
the exact basis of all idealistic philosophy. I mean the 
simple law, that the same stimulus, the same external 
phenomenon, acting on different organs of sense always 
produces different sensations; and that different stimuli 
acting on the same organ of sense always produce the same 
sensation. The phenomena of the outer world, therefore, 
have nothing in common with the sensation and ideas they 
call forth in us, and the states and processes of our own 
consciousness are alone immediately subject to our observa- 
tion and recognition. 

This simple truth is the greatest and deepest ever thought 
out by the human intellect, and leads us at once to a complete 
understanding of what constitutes the essence of vitalism. 
The essence of vitalism does not lie in being content with 
a term and abandoning reflection, but in adopting the only 
right path of obtaining knowledge which is possible, in 
starting from what we know, the internal world, to explain 
what we do not know, the external world. 

The opposite and erroneous view is adopted by mechanism, 
which is no other than materialism; it starts from the 
unknown, the external world, to explain the known, the 
internal world. 

The physiologist is continually being driven back to 
materialism by the fact, that in psychology no attempt has 
yet been made to attain that exactness to which the studies 
of physics and chemistry have accustomed us. It cannot 
be denied that, although nothing is so immediately under 
observation as the conditions and processes of our own 
consciousness, it is precisely on this subject that our know- 
ledge is most vague and uncertain. There are numerous 
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reasons for this. The object is more complicated, the qualities 
are much more numerous, than in the outer world; moreover, 
the states and processes in our consciousness are ever under- 
going rapid variation ; and, finally, we possess at present no 
means of quantitatively estimating the objects of our internal 
sense. 

So long as psychology remains in this condition, we 
cannot arrive at satisfactory explanations of vital processes. 
In most branches of physiology, there is nothing to be done 
but to proceed along the same mechanical lines. This 
method is undoubtedly valuable; we must endeavour to 
advance as far as possible by the sole help of chemistry and 
physics. What these sciences fail to achieve will stand out 
more prominently, and thus the mechanical theories of the 
present will assuredly carry us eventually to the vitalism of 
the future. 
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LECTURE 11. 

THE CmCULiLTION OF THE CHEMICAL ELEMENTS.* 

The object of physiological chemistry is to investigate the 
chemical processes of the living organism^ and to consider 
the relation of these processes to vital phenomena. We shall 
confine ourselves to a consideration of these processes as they 
occur in man and the higher animals. It may appear erro- 
neous to commence the study of the most complex organisms 
before obtaining a general knowledge of the chemical pro- 
cesses of the more simple; but since no physiological 
chemistry of the latter as yet exists, there is no choice left 
to us. The little that is known on this subject will be intro- 
duced, as occasion offers, when we come to discuss the nutri- 
tion of the higher animals. 

Before we approach our subject, we must consider the 
various chemical elements and forces, concerned in vital 
manifestations, as they present themselves in organic and 
inorganic nature. Nature must be considered as a whole if 
she is to be understood in detail ; there must be a clear com- 
prehension of the great unchanging laws which are equally 
applicable to living and inanimate things. 

* The beginner who desires to make himself more fully acquainted with the 
subject of the present chapter, is particularly recommended to study Liebig's great 
work, ** Chemistry in its Applications to Agriculture and Physiology : " 1840 ; 
8th edit. 1865. The scientific enthusiasm which our great teacher imparted 
during his life to all who came into contact with him, still speaks from every 
page of this work. Those who wish to fJEimiliarize themselves with more modern 
achievements should read Adolf Meyer's " Text-book of Agricultural Chemistry " 
(Heidelberg : 187G), in which will be found a full account of the original litera- 
ture on the subject. 
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Twelve chemical elements enter into the composition ot all 
living beings without exception : carbon, hydrogen, oxygen, 
nitrogen, sulphar, iihosphorus, chlorino, potassium, eodium, 
calcium, mftgnesium, and iron. 

Carbo*) occurs, on the surface of our planet, chiefly united 
with oxygen in the form of carbonic acid. Of thia only a 

i^''Bmall part exists free in the atmosphere, or absorbed in 
water. The greater part is united with such bases as lime 
and magnesia, and forms gigantic strata of the earth's crust. 
Only a comparatively small amount of carbon occurs in a free 
state as coal, and a still smaller quantity as graphite and 
diamond. Goal is, as vie well know, the residue of plants, 
and plants derive theii- carbon from the carbonic acid of the 
atmosphere. Apart, then, from graphite and diamond, the 
mode of formation of which is still unknown, it may be said 
that all the carbon on the earth is or has been in the form 
of earbonic acid, and that carbonic acid is the compound 
through which carbon must always pass in its Inunmerablo 
metamorphoses. It is in this form that carbon appears in 
the cycle of life ; in this form alone it is taken up by plants 
and converted into the numerous combinations of which they 
are composed. Carbon is introduced into the animal organism 
as vegetable food, and is excreted either as carbonic acid or in 
the form of compomids, such as urea, which very rapidly 
decompose outside the organism, and yield carbonic acid. 
Carbon, then, leaves the cycle of lifp in the same form in 
which it entered, and returns to the atmosphere to repeat the 
process anew. .- -■ • •■f*'^ 

fj HvDRooEK is only found in traces as a free gas. In inorganic 
□atnre it occurs almost exclusively in the form of water, but 

1^ a minute quantity appears as ammonia. Hydrogen is taken 
up by plants in the form of water and ammonia only ; it con- 
stitntes part of the complex substance the plant is made of, 
and which serves as food for animals ; it leaves the animal 
organism again in the form of water and ammonia, or in the 
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shapo of compounds wMcb rapidly split tip iuto these two 
bodies. 

OxsoEN is the most widely distributed ofy^ll_elemeDtB ou 
the aurface of the globe ; it forms b«h4^ oiw-rojirth bj weight 
of the atmosphere, eight-ninths of the weight of water, and 
about ialf the weight of the earth's crust, which is made up 

I almost exclusively of oxygen -compounds. Oxygen is the only 
element which enters the Uving organism in a free state, but 
it does 80 only in part, and in the case of plants only to a 
very small extent. The chief bulk of the oxygen enters the 
organization of plants as water and as carbonic acid. By 
the aid of sunlight, the plants split off from these combina- 
tions a part of the oxygen, and form compounds richer in 
carbon and hydrogen, which, as food staffs, are taken into 
the animal body, where they again unite with oxygen, and 
are returned as carbonic acid and water to the air. 

By this antagonism between the animal and rcgetable 
kingdoms, the balance of carbonic acid and oxygen is main- 
tained in the atmosphere ; the plant yielding the oxygen 
which the animal requires, while the animal in its turn gives 
out the carbonic acid needed by the plant. 

We may now ask whether this balance will always bo 
maintained. Even should it not be disturbed by vital pro- 
cesses, may there not be agents at work in inorganic nature, 
which, by their action on the atmosphere, may increase or 
diminish those of its constituents necessary to existence ? 

As regards carbonic acid, the geologists are of opinion 
that there was formerly a larger amount in the atmosphere. 
What are the causes of this diminution 9 are they still at 
work? and have we to look forward to a continuous decreaso 
in the bulk of this gas ? 

One of the causes of the diminution of carbonic acid is 
not far to seek : i.e. the formation of coal strata, which, it 
is well known, owe their origin to plants which derived their 
carbon from the carbonic acid of the atmosphere. At the 
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same time, the amount of carbon taken up in this way 
appears to be comparatively small. And even if the for- 
mation of coal is still going on under the sea, on the other 
hand carbonic acid is being unceasingly returned to the 
atmosphere from thousands of chimneys. We need scarcely 
fear a diminution of carbonic acid from this cause. ' But 
there is another one of far greater importance : I mean the 
displacement of the silicic acid from the stone of the earth's 
crust by the carbonic acid of the atmosphere ; the union of 
carbonic acid with the bases previously existing as siUcates. 
The rocks, which form the solid crust, consist principally of 
silicates and carbonates — of compounds of silicic and car- 
bonic acids with lime, magnesium, suboxide of iron, and 
alkalies. Now, each acid is always trying to prevent the 
other from combining, and to unite itself with the basic con- 
stituents. Silicic acid and carbonic acid are '' the two great 
powers in the construction of the earth,** and are always at 
war with each other, with alternate victory and defeat on 
each side. As soon as carbonic acid succeeds in obtaining 
complete mastery over the silicic acid, all organic life must 
cease on our planet. 

The chemical affinity of carbonic acid to the basic con- 
stituents of the rocks is closer than^that of the silicic acid, in 
the cold and in presence of water >?the carbonic is the more 
powerful acid on the earth's surface, where it is obtaining 
a slow but sure victory. Every wave breaking against the 
cliffs, every ripple which washes the flinty bed of the river, 
every drop of rain which falls to the ground contains carbonic 
acid in solution, and slowly but surely destroys the hardest 
rock ; the carbonic acid unites with the basic constituents, and 
the displaced silicic acid, combined with the residue of the 
bases, sinks to the bottom of the water, where, as clay or sand- 
stone, it gradually forms massive strata of the earth's surface. 
But the carbonic acid, united with lime or magnesium, is 
likewise precipitated, mixed either with part of the decom- 



18 



LF.CTURE II. 



poBcd sUicatea in the form of marl, or in separate strata as 
limestcine and dolomite. Half the entire weiglit of the thick 
calcareous strata, whicli compoBO a very large part of the 
crust of the earth, consists of carbonic acid, derived from the 
atmosphere, and which has apparently been withdrawn for 
ever from the cycle of life. 

But the struggle between the two acids wears another 
aspect in the interior of the earth. At the higher tem- 
perature which prevails there, the silicic acid is the more 
powerful. In the depths of the earth it attacks the carbo- 
nates, and the carbonic acid which is driven off escapes into 
the atmosphere. This carbonic acid is continually iasuing 
from all active volcanoes, and also from other cracks and 
fissures in various parts of the earth. The quantity which 
is thus returned to the atmosphere cannot he determined, 
but it seems probable that it is much less than what is con- 
stantly being removed in the form of chalk and carbonate 
of magnesia. If it is true that our planet is steadily 
becoming cooler and its crust thicker, the factor which aids 
the silicic acid, the warmth of the earth itself, must con- 
tinually decrease, and thus leave nothing to dispute the rule 
of carbonic acid ; hence organic life must terminate. 

In like manner as carbonic acid, a second constituent 
of the atmosphere, osygen, is constantly becoming fixed in 
the crust of the earth, and thus removed from the cycle of 
vital phenomena. The constituent of the earth's crust which 
binds it, is the ferrous oxide resulting from the decomposition 
of certain sihcates. This becomes oxidized to ferric oxide, 
which, as is well known, forms by itself considerable strata, 
and occurs in still larger quantities mixed with other mate- 
rials, as clay, loam, sandstone, and shale. One-third of the 
oxygen in these huge masses of ferric oxide is derived from 
the atmosphere. A part of this oxygen may return to the 
atmosphere, for, when the oxide of iron comes into contact 
with decomposing organic substances, the latter abstract 
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part of itB oxygen. As the result of the oxidation of the 
organic sabatances, carbonic acid is returned to the atmos- 
I'here, where it may again be decomposed by plants, thus 
liberating oxygen. But this activity of plants is the only 
procees by which oxygen is set free on the earth's surface, 
and it is very questionable whether it is of itself sufficient 
to counterbalance the consumption of oxygen in respiration, 
putrefaction, combustion, and oxidation of the compounds of 
iron and of sulphur. 

It thus appears that a sabetance of great importance in 
the nutrition of plants, free carbonic acid, and a substance 
essential to the maintenance of all organic life, free oxygen, 
are continually diminishing, and that the time is slowly but 
surely approaching when the conditions necessary for our 
existence will no longer prevail, and when all life will become 
extinct on this planet. 

We will DOW turn our attention to the NrrRooES, the 
fourth and last of the elements which organic nature derives 
from the atmosphere directly or indirectly. Nitrogen ia 
characterized by its small affinity for other elements. For 
this reason the greater part of the nitrogen is found in a free 
state ; it forms four-fifths of the atmosphere. Only a minute 
portion is found in inorganic nature in the form of com- 
ponnds : this is the nitrogen of ammonia, and of its pro- 
ducts of oxidation, nitrous and nitric acids. Nitrogen enters 
organic nature in the form of these compounds only. The 
great bulk of free nitrogen has no part in vital processes, for 
the plant cannot assimilate it. 

Now, since the quantity of fixed nitrogen existing in 
nature is very small, and since plants cannot utilize the 
other constituents of their nutrition unless an appropriate 
quantity of fixed nitrogen be taken up at the same time, 
it is obvious that the total number of organic beings which 
can simultaneously exist on the earth must depend in the 
first instance on the amount of fixed nitrogen available. It 
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is, therefore, a question of the greatest interest to know by 
what means the amount of fixed nitrogen is increased or 
diminished. 

The process of life itself does not alter the sum total of 
fixed nitrogen. Nitrogen is taken up by the plants as am- 
monia, nitrites, and nitrates, and is converted into and forms 
part of numerous most complicated substances, chiefly pro- 
teids ; in this form it enters the animal economy, where the 
proteid breaks down into urea, uric acid, and other com- 
pounds, which rapidly decompose outside the organism, and 
yield ammonia. Nitrogen enters the organic cycle in a fixed 
form, and leaves it in the same state ; the vital processes 
themselves neither increase nor diminish the existing store 
of fixed nitrogen. 

But in inorganic nature there must be factors at work 
which produce fixed nitrogen. For if it is true that our 
earth was once a fluid mass of fire, ammonia and nitric 
acid could not then have existed, since they break up into 
their elements at a high temperature. Organic life could 
never have arisen, had there not been a process at work 
which produced the union of nitrogen with hydrogen and 
oxygen. Such a process has been recognized in atmospheric 
electrical discharges. It has been established by numerous 
experiments that, by means of electrical discharges, nitrogen 
is united with oxygen to form nitric acid, and that, by sending 
the electric discharge through a damp atmosphere, nitrogen 
and vapour combine to form nitrite of ammonia.* 

• 

2N+2H,0=NH4NOa 

This process occurs on a large scale in every thunder- 
storm, the products being conveyed to the ground by the 
rain. Schonbein has pointed out a second process, viz. that 
wherever evaporation occurs, minute traces of nitrite of am- 

** Berthelot, BuU, soc chim., t. xxfu. p. 338 ; Ann, ehim. phys,, t. xii p. 4i5 : 
1377. 
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monia are formed in the air. The evaporation which is 
constantly going on from the outer surface of the plants 
themselves, may therefore be a source of combined nitrogen 
for them. 

It follows that the whole store of fixed nitrogen is con- 
stantly increasing from two sources. Organic life would 
therefore develop with ever greater luxuriance were it not 
for the operation of other causes, by means of which com- 
bined nitrogen is again set free. This is effected by com- 
bustion. The burning up of vast forests of wood by man, 
which has been going on for thousands of years, detracts 
from the store of fixed nitrogen, to which animals and plants 
owe their existence ; the total of life is no doubt diminished 
thereby, and the fertility of the soil must decrease. For this 
reason the project of cremation, recently introduced, should be 
abandoned, although the amount of fixed nitrogen destroyed 
in this manner would be much less than it is in consuming 
forests as fuel. Combined nitrogen is further destroyed by 
igniting gunpowder or other explosives, which are all deriva- 
tives of nitric acid. A single cannon-shot, in which only a 
pound of gunpowder is used, destroys as much combined 
nitrogen as is contained in three million litres of atmospheric 
air. In this sense it may be affirmed that every shot from 
a firearm kills, that it destroys life whether the ball strikes 
a living being or not. For no life is lost by the death of 
the individual; from the decay of the body equivalent new 
life arises. But the destruction of combined nitrogen means 
the definite diminution of the capital, upon the amount of 
which the total number of living beings depends. 

The remaining eight elements are derived by the plant 
from the soil. Sulphur is widely distributed in inorganic 
nature as sulphates of the alkalies and alkaline earths. It 
enters the vegetable organism in this form, and takes part in 
the building up of the proteid molecule, of which it forms 
about 0*8 to 2 per cent, by weight. It is chiefly taken up by 
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the animal organism in the form of proteid, and is excreted 
for the most part in the highest oxidized condition as sul- 
phuric acid, derived from the splitting up and oxidation of the 
proteid molecule. In this form^ united with alkalies, it is 
again ready to repeat the cycle of life. 

The course of phosphobus is very similar. It occurs in the 
inorganic world only in a high state of oxidation as phosphoric 
acid united with bases, especially with alkalies and alkaline 
earths, and only enters the plant in this form. 

Although phosphoric acid is widely distributed over the 
whole surface of the globe, its amount in most soils is very 
small. As in the case of nitrogen, the quantity present in a 
field may be so little that vegetable life is unable to convert 
all the other elements into food. In rare cases this is 
also true of potassium ; but there is never a lack of the 
remaining nutrient matters. In agriculture it is,. therefore, 
of the greatest importance to determine which of these three 
elements is most deficient in any given soil. The fertility of 
the land will depend on the quantity of the substance of which 
there is a minimum. This is the important law which agricul- 
tural chemistry designates as the '' Law of the minimum." 
The element which is present in the smallest quantity must 
be supplied to the soil by artificial manuring. It is generally 
phosphoric acid; hence the use of bone-dust, apatite, and 
the like. 

In the plant, phosphoric acid takes part in the formation 
of very complicated combinations — of the various forms of 
lecithin and nuclein, which are integral constituents of every 
vegetable and animal cell. It is chiefly in these combinations, 
and only to a small extent as salts, that phosphorus enters the 
animal body, which it leaves in the same form that it entered 
the plant, as a phosphate. 

The circulation of chlorine is very simple; it only 
occurs in nature in the form of salts, chiefly united with 
sodium and potassium. In this form it enters and leaves the 
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cycle of Ufe. It takes no part in the formation of organic "a 
compounds. { ^^H^ ^--^ i^h>^^-^ ^ .4f^<^/(/ *^^^ ' < 

The same is true of sodium, potassium, calcium, and 
magnesium. They occur in the inorganic world only as 
salts, enter plants as such, combine ver y loosely mt^jjrgajic 
matter, and are excreted from the animal body also in the 
form of salts. 

Iron never occurs on the surface of the globe as a free^ 'wla-Out. 
metal, but chiefly in union with oxygen as ferrous and ferric 
oxides. The former is a strong base, and forms neutral salts 
with all acids. Ferric oxide is only a weak base, and is 
unable to fix carbonic acid. Ferrous silicates, when de- 
composed by atmospheric carbonic acid, jdeld ferrous car- 
bonate, which is soluble in water containing carbonic acid, 
and is distributed by water all over the earth. But as 
soon as it comes in contact with the atmosphere, it is 
oxidized to ferric oxide, and the carbonic acid, being set free, 
is returned to the atmosphere. The ferric oxide, when it 
comes in contact with decomposing organic matter, is 
reduced, and ferrous carbonate is again formed and carried 
off by water, until it again comes in contact with air, and 
again aids in the oxidation of vegetable and animal refuse. 
Iron is, therefore, an indefatigable oxidizing agent. The 
iron prevents the retention of carbon in the soil, and 
enables it to return to the atmosphere, and thus to re- 
enter the cycle of life. The process of oxidation is rather 
more complicated when sulphur is present. Sulphur 
also acts as an oxidizing agent. If decomposing organic 
substances meet .simultaneously with oxides of iron and 
sulphates, e.g. gypsum, not only is the oxygen of the oxides 
completely taken up, but that also of the sulphuric acid, 
sulphide of iron being formed. The latter, in the presence 
of air, may again be oxidized to sulphuric acid and ferric 
oxide, and then again act as an oxidizing agent. The sulphur 
required for the formation of sulphide of iron after the 
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reduction of ferric oxide, may be yielded by decomposing 
organic matter itself, since this always contains proteid, and 
consequently sulphur. 

Iron plays the satne part in our organism as it does in 
the earth's crust, the part of oxygen-carrier. Only the iron 
in our organism does not occur as ferric and ferrous oxides, 
but as a complex organic compound, the most complicated 
body which has hitherto been investigated with precision, 
and which contains at least seven hundred atoms of carbon 
in its molecule. This is the red colouring matter of the 
blood, haemoglobin, which, as oxy-hsemoglobin, a loose com- 
pound with oxygen, corresponds to the ferric oxide, and, as 
reduced hsemoglobin, to ferrous oxide, Hsemoglobin also 
contains sulphur, and it may be that the sulphur of h»mo- 
globin, and of all other proteid bodies, still retains its function 
as an oxidizing agent. At any rate, it cannot be to the iron 
alone that this property is due, since, as we shall see in the 
fourteenth lecture, the amount of loosely combined oxygen 
is much too large. 

The enormous size of the hsemoglobin-molecule finds a 
teleological explanation if we consider that iron is eight 
times as heavy as water. A compound of iron which would 
float easily along with the blood-current through the vessels 
could only be secured by the iron being taken up by so large 
an organic molecule. 

Haamoglobin first makes its appearance in the animal 
organism. It does not exist in plants. The plant has the 
power of assimilating inorganic compoimds of iron, and of 
using them for building up complex organic compounds 
which have not yet been sufficiently investigated. From 
these bodies the haemoglobin is produced in the animal 
economy {vide Lectm-e VI.). 

Iron likewise plays an important part in vegetable life ; 
we know that chlorophyll granules cannot be formed without 
it. If plants are allowed to grow in nutritive solutions free 
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from iron, the leaves are colourless, but become green as soon 
as an iron salt is added to the fluid in which the roots are 
immersed. It is even sufficient merely to brush the surface 
of the colourless leaf with a solution or an iron salt to cause 
the appearance of the green colour in the part thus painted. 
Chlorophyll itself contains no iron, and we do not know in 
what way the iron is concerned in its production. 

It is not yet known in what form and by what path iron 
leaves the animal body. Urine contains scarcely perceptible 
traces of iron, probably as an organic compound. The faaces 
always contain a considerable quantity of sulphide of iron. 
But it cannot be determined how much of this is derived from 
the food, and how much from the digestive secretions. Out- 
side the body, the sulphide of iron is converted by the atmo- 
spheric oxygen into sulphuric acid and oxide of iron, and the 
cycle is complete. 

In addition to the twelve elements alluded to, the follow- 
ing elements are met with in certain organisms, though they 
are not always an integral part of their composition : silicon, 
fluorine, bromine, iodine, aluminium, manganese, and copper. 

Silicon does not occur in the free state, but only as silicic 
acid. This compound, as already mentioned, is amongst 
the most widely distributed bodies on the surface of the 
globe. The alkali salts of silicic acid are soluble in water, 
and the free acid, when liberated by carbonic acid from 
certain silicates, at first appears as a hydrated acid apparently 
in a state of solution, in what is known as a colloid condition 
(see Lecture IV.). Probably plants absorb silicic acid in both 
these forms. All the higher plants seem to contain silicic 
acid. Among cryptogamic plants, the reeds and grasses are 
distinguished by the large amount of silicic acid they con- 
tain. Certain unicellular algae (the DiatomaceaB) cover them- 
selves with a shell of silicates. Silicic acid is said to be 
absent from the ash of certain fungi. 

But it would not appear that silicic acid plays any 



26 LECTURE IL 

important part in the economy of the higher plants. In 
favour of this may be quoted the following experiments on 
the graminacesB, which are rich in silicon, as wheat, oats, 
maize, barley. When these plants are allowed to germinate 
in nutrient fluids free from silicon, so that they can only 
obtain mere traces of silicic acid from the glass vessel con- 
taining the solution, they develop completely, and pass through 
a perfectly normal course of life. In the ash of maize grown 
in this way, only 0*7 per cent, of silicic acid was found, 
whilst, under ordinary conditions of growth, 20 per cent, is 
the average quantity.* 

Whether silicon exists in plants only in the form of silicic 
acid, or whether it forms more complex Compounds, has not 
been ascertained. Silicon is a tetratomic element, like carbon. 
Silicic acid is quite analogous in its composition to carbonic 
acid. Hence a probability that silicon could form numerous 
compounds which would bear the same relation to silicic acid 
as the organic compounds do to carbonic acid; and, as a 
matter of fact, Friedel and Ladenburgt have succeeded in 
preparing a series of such compounds. But their existence 
in plants has, up to the present time, not been made out. t 

Silicic acid is taken up by animals in the form of vegetable 
food. It is absorbed by the alimentary canal, and passes 
through all the tissues, hence minute traces can be demon- 
strated in every organ. It is contained, in considerable 
quantity, in the urine of herbivorous animals, and in sheep 
sometimes occasions stone in the bladder. It appears, how- 
ever, only to be of importance in the development of hairs 
and feathers, the ash of which is always rich in silicic acid. 

♦ Sachs, « Flora," p. 52 : 1862 ; and ** Woclienblatt der Annalen dcr Land- 
wirthschaft," p. 184 : 1862. 

t C. Friedel and A. Ladenburg, Compt. renff., t. Ixvi. p. 816 : 1868 ; and 
t. Ixviii. p. 920: 1869. Ber, d. deuUch. chem. Get., p. 901 : 1871 ; and pp. 319, 
1081 : 1872. 

X Ladenburj^« Ber. d. deutsch. chem. Ges., vol. v. p. 568: 1872; W. Langc, 
i6W., vol. xi. p. 822: 1878. 
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te constant presonce in eggs of silicic acid points to its 
being essential in the development of bii'ds. 

Fluorine has been found in very small quantity in some 
plants and animals. It is difficult to detect/ and it may 
possibly be more widely existent in organic nature than haa 
been suspected. It is invariably found in the bones and 
teeth of men and mammals, although we have not yet suc- 
ceeded in ascertaining the exact amount by our present 
methods. It is also said to have been detected in the blood 
of mammals and of birds.f Small quantities of fluorine are 
distributed everywhere in the earth, in the form of fluorspar 
and apatite; therefore plants are never without it. It acts 
perhaps difTerently in the nutrition of men and animals. It 
would be very interesting to have the exact amount of fluorine 
in our food determined, and also the quantity we really 
need of it. At any rate, the above-mentioned " law of the 
minimum" holds good for animal as well as for vegetable 
growth. It is conceivable that milk, although rich in the 
most important substances of nutrition, might yet be useless 
to aid the growth of the mammal, for want of the necessary 
trace of fluorine. 

Bromisb and iodine are present in many kinds of seaweed, J 
and thus pass into the system of marine animals. Their use 
is not known. 

Alcmis-ium is one of the elements most frequently met 
with. Its sesquioxide, alumina, is found, united with silicic acid, 
in almost all crystalline rocks which form the larger portion 
of the great mountain ranges. Mixed with the products of 
disintegration of these rocks, it is found everywhere in ample 
quantity in the soil. It is, therefore, very remarkable that 
alumina has scarcely anything to do with tbe nutrition of living 

• Boo (i. T»mmonti, ZeilichT. f. amilyl. Chem., vol. xxi». p. 328 (1885). 
wbciv ail ruHWDot of the lilentnrc uu llie metlioda of detecUng Qiiurino will also 
In) tuned. 

t G. WilMn. TT»n>. -/ tha Brit- A,». for the Ada. of ScL. p. 87 : 1851 ; itud 
>.Midti, Cvmpl. read., I. lliii. |i. 885 : ISM. 
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beings. It has been shown positively to exist (in any notice- 
able quantit^only in a few plants, especially in a few kinds 
of lycopodium, in the ash of which it amounts to over 57 
per cent. We do not know whether it is essential for these 
kinds of plants, nor of what use it is to them ; no experiments 
haye yet been made to decide this question. Alumina has not 
yet been detected in the animal body. 

Manganese is found in considerable quantity in the ash of 
a few plants, although nothing is known concerning its use in 
life. Traces of this metal are found all through the vegetable 
kingdom, and occasionally in the animal body. 

Minute traces of most of the other metals are occasionally 
found in plants and animals. They should not on that 
account be considered as essential constituents. 

The presence of copper in certain cephalopods and Crus- 
tacea is noteworthy. This metal appears to be present in 
the form of an organic compound, and to serve as oxygen- 
carrier, thus playing a part similar to that of iron in haemo- 
globin. The blood of these animals is blue, but changes 
colour as soon as the oxygen is withdrawn either by pumping, 
by transmitting a stream of other gases, or by the action of 
reducing agents. When shaken up with air, the blood again 
becomes blue. The latest experiments on this subject were 
carried out by Fredericq,* whose essay also contains an 
account of the work done by his predecessors. 

♦ Leon Prdderioq, Bulletins de Vae. roy. de Btigiquef stfr. ii i xlvL No. 11 : 
1878 ; Chmj^t. rend., t. Uxxvu. p. 9»6 ; 1878. 
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CONSEBVATION OP BNEBGT.* 

Most intimately connected with the circulation of the elements 
is the transmutation of force. The latter is not, however, 
limited to this earth ; it streams on to our planet with the 
sunlight, and, having run its course through plant and animal 
life, streams back again into infinite space. 

It is as impossible to destroy force as matter. Force 
itself cannot be directly observed and pursued. We can say 
nothing more definite about it than that it is the cause of 
motion. But we can prove that motion is never aimihilated, 
for whenever motion ceases, its cessation is only apparent. 
The movement of masses of matter, visible to us, has either 
changed into a movement of the smallest particles of matter, 
of the atoms, or into "latent motion,*' into so-called "poten- 
tial energy,** from which, at any time under appropriate 
conditions, the same amount of motion can again arise. 

If a stone fall to the ground and remain lying there, 
motion has not ceased. The place on the ground where it 
fell, and the stone itself, have become warmed, and heat is 
well known to be a variety of motion. If a stone is thrown 
straight up in the air, it rises with decreasing rapidity and 
comes at last to rest. At that moment its movement is 

* Physiology cannot be studied to any advantage without a thorough know- 
ledge of the law concerning the conservation of energy, which can only be 
acquired by advanced mathematical and physical studies. This lecture may 
serve the beginner who has hitherto neglected these subjects, as a slight pre- 
liminary account. 
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latent, and ia stored op is it as potential energy. By virtue 
of this potential energy it now comes down again, and 
reaches the ground at the same velocity with which its ascent 
began. In rising, the force of motion, the so-called "kinetio 
energy," is converted into potential energy; in falling, po- 
tential energy is changed into kinetic energy. The conversion 
of kinetic energy into potential energy is called "work," and 
mechanics teach the well-known fact that work is measured 
by the product of the weight raised with the height of the 
ascent, and that it is always the same as the kinetic energy, 
which is measured by the produot of half the bulk with the 
square of the velocity. If the stone that is thrown up be 
supported at the moment it has reached the highest point 
and comes to rest, the force can remain stored up in it for 
an unlimited period. But as soon as the support is removed, 
potential energy ia again converted into kinetic energy j it 
falls with increasing rapidity, and reaches the ground at the 
same speed with which its ascent began. Hence none of the 
kinetic energy has been lost. If it strikes the ground, an 
amount of heat is generated, which under appropriate con- 
ditions — for instance, by means of a steam-engine — would 
exactly suiSce to raise the stone to the same height from 
which it fell. Thus no force is lost in the conversion of the 
kinetic energy of moving masses into the kinetic energy of 
moving atoms, and vice versa. As is well known, it has been 
proved by numerous experiments made by different observers, 
and conducted upon various methods, that 425 kilograjn- 
meters of work produce one uuit of heat (i.e. the amount of 
heat required to raise tlie temperature of one kilogi-amme 
of water by 1° C), and that the unit of heat exactly suffices 
to accomplish work equal to 425 kilogrammeters. 

Let us Imagine a tube to be laid through the globe and 
its centre of gravity, from us to our antipodes, and let us 
further imagine a stone brought to rest, in this tube, so that 
the centre of gravity of the stone coincides with the centre 
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of gravity of the earth ; in this case the stone would remain 
motionlese and free, BUBpended in the air. But if the stone, 
by virtue of any kinetic energy, were raised to our end of 
the tube, a reserve of potential energy would now be stored 
up in it, by moans of which the stone, aa soon as it is left to 
itself, returns with increasing rapidity to the middle of the 
tube. At the moment when its centre of gravity coincides 
with that of the earth, all potential energy is used up and 
converted into kinetic energy, and it has attained its greatest 
velocity. This kinetic energy cannot be lost ; it drives the 
stone farther on, it is reconverted into potential energy, work 
is accomplished, the stone is driven to the other end of the 
tabe, to the antipodes. By this time the kinetic energy is 
QSed up, and is contained in the stone as potential energy, 
by means of which the stone again falls with increasing speed 
to the earth's centre of gravity, and rises with diminishlug 
velocity to us. And if the tube be free from air, the stone 
mast thus swing backwards and forwards to bJI eternity, none 
of its movement being lost. But if there is air in the tube, 
a part of the kinetic energy of the stone will be continually 
given over to the individual molecules of air ; the stone will 
swing backwards and forwards at constantly decreasing dis- 
tances from the centre of gravity, where it finally comes to 
re«t. At this moment, the whole kinetic energy of the stone's 
moving bulk is converted into the kinetic energy of moving 
molecules, which we call heat. But nothing is lost ; precisely 
SB many units of heat are produced as correspond to the 
kilogrammetera of work performed by the rise of the stone 
from the earth's centre of gravity to tlie end of the tube. 

The same principle seen in this imaginary and imprac- 
ticable experiment may be observed, only in a more com- 
plicated form, in every swinging pendulum. The pendulum 
would also oscillate to all eternity, if the kinetic energy of 
the moving mass were not converted into heat by the &iotion 
at the point of attachment and with the air. 
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If we make use of that form of kinetic energy which we 
call the electric current^ to split up a chemical compound^ 
(for instance^ to resolve water into its elements, hydrogen and 
oxygen), a part of the kinetic energy disappears, bat only 
apparently so ; it is converted into that form of latent move- 
ment which we term chemical potential energy, and which is 
entirely analogous to the force with which the stone falls 
when raised. Chemical potential energy is stored up in the 
separated atoms. If they again unite, the potential energy 
they contain is again converted into kinetic energy, which 
appears to us as light and heat ; as, for instance, when a 
flame is produced by the combination of oxygen and hydrogen. 
By means of a thermopile, the heat produced might be re- 
converted into electrical movement, which would be found 
exactly equal to the amount originally required to split up 
the water. Nothing would be lost. 

We thus see that nature possesses a certain store of 
kinetic energy, which can in no way be either increased or 
diminished. If one part of matter comes to rest, another 
part is set in motion. Movement of masses is converted into 
movement of molecules, molecular movement into movement 
of masses ; kinetic energy into potential energy, and potential 
energy into kinetic energy. The sum total of all potential 
energy and of all kinetic energy always remains the same. 
This law is called the Law of the Conservation of Energy. 

All movements on the surface of the earth (with the 
single exception of the tides, which are connected with the 
rotation of the earth on its axis) may be traced back to one 
common source, to the sun's rays of light and heat. The 
varying degree of heat of the different layers in air and 
water is the cause of all currents of sea and air, the storms 
and winds. Sailing vessels and windmills are moved by 
sunbeams. By using up the kinetic energy of the sun's heat, 
vapour arises from the surface of water, and is raised to the 
higher layers of the atmosphere. If the vapour is condensed 
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in the colder upper regions, the kinetic energy of the waves 
of ether reappears as the kinetic energy of the falling rain- 
dropSy or, when the raindrops collect, as the kinetic energy 
of flowing brooks and rivers. It is sunlight that reappears 
in the sparks from the millstone ; it is the sun's heat which 
issues from the glowing hammers and saws, wheels, axles, 
and rollers of all machines set in motion by water. 

We now come to the question of the forms of energy 
and motion which are met with in vital processes. We 
have seen that the plant is always taking up carbonic acid 
and water, separating the oxygen from these compounds, 
and thereby forming other compounds poorer in oxygen and 
with a great affinity for oxygen. There is thus a large 
reserve of chemical potential energy stored up in the plant. 
By combustion of the plant, by reunion of its constituents 
with oxygen, we can convert this potential energy into heat, 
and the heat, by means of steam-engines, into mechanical 
work. Now, what is the source of this chemical potential 
energy ? It cannot have originated from nothing. Force is 
eternal. But no potential energy is conveyed to the plant 
by its food. Carbonic acid and water are fully oxidized 
compounds ; they cannot produce movement, any more than 
the stone lying on the ground. Not till the stone is raised 
by the employment of kinetic energy, can it fall down ; and 
not till the oxygen is separated from the carbon and hydrogen 
in the plant, by the employment of kinetic energy, can 
chemical potential energy arise in it, to be converted into 
light and heat and mechanical work. The force which effects 
the separation of the oxygen in the plant is, again, nothing 
but sunlight. We know that the plant liberates oxygen only 
so long as sunshine reaches it, and that the amount of 
oxygen set free varies in proportion to the intensity of the 
light. This maintenance of the proportion was proved by 
Wolkoff * by the following simple experiment. 

♦ Al. von. Wolkoff, Jahrh.f. icittsentch. BotatiiJt.y vol. v. p. 1 : 1860. 
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Wolkoflf counted the gas-bubbles which arose from water- 
plants when the rays of the sun, conducted through a flat 
piece of ground glass, were allowed to fall upon them. The 
water-plants were in a glass vessel, which could be moved to 
any distance from the light as required. The intensity of 
the light is well known to be in inverse proportion to the 
square of the distance from the point of light. Wolkoff found 
that the number of oxygen-bubbles was increased and 
diminished in simple proportion to the intensity of the light. 

Van Tieghem* obtained the same result when he tried 
the experiment with artificial light. The number of gas- 
bubbles from the water-plants diminished as the square of 
the distance from the candle. 

There can be, therefore, no doubt that all the potential 
energy of vegetable substances is converted sunlight. It 
is sunlight that reappears in the fire of burning wood. It is 
sunlight that gives us light in the form of gas-jets and 
petroleum flames. The gaslight which at this moment 
illuminates us, has shone on our earth before, millions and 
millions of years ago ; it has lain dormant in our earth for 
millions of years, and reappears again at this moment. The 
whole immense store of force which lies in the vast coal 
strata, which sets all machines and locomotives in motion, 
is only the fixed kinetic energy of sunlight which was once 
shining upon the luxuriant vegetation of the prehistoric 
world. 

The substances formed by plants s^rve as food for animals. 
The oxygen which is liberated from the water and carbonic 
acid in the plant by the kinetic energy of sunlight, is in the 
animal body again united with compounds that are deficient 
in oxygen, and the ultimate products of this combination are 
again given off as carbonic acid and water, the same simple 
substances which serve the plant as food. The chemical 
potential energy of nutrition is thus used up. But, as no 

• Van Ticgheni, Compt rend., t. Ixix. p. 482 : 1869. 
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force can perish, we must expect to find an equivalent 
amoont of otber forces appearing in the animal body. And, 
indeed, we know that, firetly, all animals have a temperature 
higher than that of their surroundings, that they are thus 
continually producing heat ; and that, secondly, they carry 
ont movements, or perform work. 

The sum of the work executed by an animal, and of the 
heat which it gives out, must therefore be exactly equivalent 
to the chemical potential energy taken op in nutrition, and 
to the kinetic energy of sunlight used up in the prodnction 
of this potential energy in the plant. 

The dilhcnlties of obtaining precise experimental proof 
of this equivalence are very great. So far as the precision 
hitherto attained allows us to judge, direct experiments prove 
that such equivalence does exist ; that the amount of heat 
and work produced by an animal, expressed in units of heat, 
is equal to the amount of heat generated by the food-stuff of 
the animal when burnt outside the organism. 

The first experiment of this kind was carried out by 
LaroiBier* as early as the year 1780. The object was to 
prove that combustion is the sole source of animal heat. 
A goinea^pig was placed in an ice-calorimeter, and the 
qnantity of water produced in ten hours, by the thawing of 
the ice, was measured. It amounted to 341'08 grms. The 
same gninea-pig was then put under a bell-jar over mercury. 
A cnrrent of air was passed through the bell-jar, and then 
conducted through caustic potash, which retained the carbonic 
acid. The amount of the latter was quantitively determined. 
The mean of several experiments showed that the guinea- 
pig in ten hours gave out 3*333 grms. of carbon in the form 
of carbonic acid. Lavoisier and Laplace had previously, by 
means of the calorimeter, determined the heat of combustion 
of carbon, and found that 3333 grms. of carbon melted 326*75 

* LuToiaier et da la PInce, M^moira rf« VAeai. royale del Seieneei, p, 3S3 : 
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gnna. of ice. Were Lavoisier's hypoUieaiH, that animal-heat 
arises from the oombustion of the carbon in the food-stnffs, 
correct, the amount of heat or of ice-water found in the above 
experiment on an animal ^ouUl necessarily bo precisely as 
great aa in the combustion of the carbon, provided the 
production of carbonic acid were the same in botli instances. 
Ab b matter of fact, it was found thus — 

S41-08 
It was a mere chance that the numbers approximated each 
other BO closely. Any one with our present knowledge, who 
criticized the experiment, would easily discover numerons 
sources of error. Indeed, its chief defects did not escape 
Lavoisier's penetration. He had already discovered that 
the whole of the oxygen inspired did not reappear in the 
carbonic acid exhaled, and he therefore assumed that tlie 
oxygen which had disappeared went to form water. Lavoisier 
had further observed that the temperature of the animal in 
the calorimeter was lower at the conclusion of the experiment 
than at the commencement ; that the animal therefore, during 
the progress of the experiment, partially lost its heat, which 
arose &om combustion that took place before the experiment 
began, and which did not, therefore, correspond to the amount 
of carbonic acid exhaled during the experiment. For both 
reasons, the quantity of water produced by melting mast 
be greater than what would correspond to the carbonic acid 
produced. 

The necessity for a more exact repetition of Lavoisier's 
experiments was soon afterwards recognized by the French 
Academy; and in 1822 they offered a prize on the subject 
of the source of animal-heat. There were two eompetitora, 
Bespretz and Dulong. The prize was awarded to Deapretz, 
and his work appeared in the year 1824.' Dulong's work, 

* Dmprelz, "Booheicheaclp^rimentaleBBDrleBcaiigceile laelialeurnmiualo :" 
Paris, 1824 : aleo Jnn. de Mm. ri dt pAj/i.. i xxtl. p, 9.17 : 1X24. 
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-which was carried out on the same principle, was not printed 
tiU after bia death.' 

Both experimenterB made use of a water -calorimeter. The 
animal being in the calorimeter, atmoBpherio air was passed 
from one gasometer through the air-chamber immediately 
oroond the animal, and collected in another gasometer. In 
this way the quantity of the oxygen used up, and carbonic 
aoid formed, was determined. The latter did not correspond 
to all the osygen consumed ; the escess of oxygen was sup- 
posed to have united with hydrogen to form water. The heat 
of combustion df hydrogen and carbon was calculated from 
the figures given by Lavoisier and Laplace. The amount of 
heat estimated in this way was compared with the amount 
of heat produced in the calorimeter. Both Despretz and 
Dulong found the amount of the former smaller than of the 
latter. In the experiments of Dulong, the number calculated 
amounted from 68*8 to S3'3 per cent, of the number found; 
in those of Deepretz, from 74*0 to 90'4 per cent. 

Among the numerous sources of error in this calculation, 
the following maybe specially noticed ; 1. The numbers given 
by Lavoisier and Laplace, which form the basis of the com- 
parison, are, as subsequent and more exact investigation has 
ehown, too low. 2. The heat of combustion of the food- 
etoffs ia not equivalent to that of their component elements, 
bat a httle less, since a certain amoimt of kinetic energy is 
used up in the decomposition of these nutrient materials. 
3. The quantity of carbonic acid in the expired air must be 
too small, since the gas in the gasometer was confined over 
water, which would absorb some of the carbonic acid. 4. 
The time occupied by the experiment was much too short ; it 
was only two hours. The processes of combustion and the 
taking up of oxygen or elimination of carbonic acid are not 

• DoloDg, "M&noirB anr la cbaieur nainuJe," Ann. de Mm. el dt phj/i. 
mtr. iii t. i. p. MO: 1811. Hue aisn " Keohrroliee uur la cLaleor, trouTcaa daua 
lea p«pien ()« U. Dulong," Ann. de diim el dc phyt., iter, iii, t. (iii. p. ISO: 
1H3. 
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proportional in every short interval; only during longer 
periods is there an approximate correspondence. The quan- 
tities of oxygen and carbonic acid, and of the intermediate 
products of combustion contained in the tissues of the 
body, vary greatly at different times. 

At a later period Gavarret* calculated the numbers 
obtained by Dulong and Despretz, and, by correcting certain 
errors, found the values 84*7 to 101*8 per cent., as a mean 
92*8 per cent. ; instead of the proportion of 74*0 to 90*4 per 
cent., as found by Dulong and Despretz. 

The movements of the animal whilst confined in the 
calorimeter must have been almost entirely converted into 
heat and observed as such ; they must have produced heat 
by the mutual friction of the parts moved, by the rubbing 
of the animal against the walls of its cage, and by the 
movements of the water in the calorimeter thus set up. 

Exact experiments such as could be made with our 
modem knowledge and modes of research have not yet been 
carried out. The results at present obtained suffice to prove 
that the law of the conservation of energy rules in the depart- 
ment of animal life. The temperature of our body, our move- 
ments, all our vital functions — so far as they are perceptible 
to our senses — are transmuted sunlight. 

We may now inquire into the relation borne by our 
psychical processes to the conservation of energy. Are all 
our feeUngs, emotions, instincts, ideas only converted sun- 
light, or must we assume that the world of the internal sense 
does not obey the great uniform law to which the whole world 
of the external senses yields constant and unwavering alle- 
giance ? 

It is beyond doubt that there is a certain causal con- 
nection between psychical processes and certain material 
forms of motion in our bodies. Sensation is excited by a 
process of movement in the nervous system. A muscular 

* Gavarret, " Do la clialcur protluito par les dtres virants: " 1855. 
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contraction is the result of an impulse of the will. But the 
question arises as to the nature of this causal connection. 
Is it really a causal connection of the same kind as the law 
of the conservation of energy demands^ that proportion should 
exist between cause and effect ? Or have we to deal with other 
kinds of causal connection ? 

Above all things, we must sharply distinguish between 
an immediate cause and an ultimate cause, a distinction so 
necessary for the comprehension of physiological processes 
that I may be permitted to give one or two illustrations. It 
is usual to define the cutting through of a string by which 
a weight is held up, as the cause of falling. But the real 
cause is the work which has been performed in raising the 
weight. This is proportional to the kinetic energy of the 
falling weight. If the lifting is effected by muscular force, 
the latter owes its origin to the chemical potential forces of 
food, which were originally derived from the kinetic energy 
of sunlight in the plant. If the falling weight strikes the 
ground, the energy of sunlight again makes its appearance as 



heat. All these forces, the kinetic energy of the sunlight, 
the chemical potential energy of food, the kinetic energy of 
muscular movement, the potential energy of the lifted weight, 
the heat produced by the falling weight, etc., are related as 
cause and effect ; they are proportional and equivalent — the 
same thing appearing in different shapes. The effect is the 
cause itself in a changed form. Gutting the string is only 
the immediate or exciting cause, the impetus which starts the 
conversion of cause into effect, of potential into kinetic energy. 
Between the exciting cause or " liberating force," as it is also 
called, and the effect, there is no sort of proportion. The 
weight may be hung up by a string, and the latter cut through 
with a razor, or the same weight may be hung up by a rope, 
and the latter shot through by a cannon-ball — the kinetic 
energy of the falling stone remains the same. 

The movement of a locomotive is transmuted heat; the 
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heat is produced by chemical potential energy, by the afiinity 
of the fnel for oxygen ; the chemical potential energy is the 
converted energy of simlight. The kinetic energy of the 
moving engine is completely used up in overcoming friction. 
The heat which canses the movement of the locomotive 
appears again in the heated rails^ wheels, and aides. It is 
the same heat which, as the heat of the son, produced the 
chemical potential energy in the plant. The energy of the 
Ronlight, the potential energy of the fuel, the heat of 
the fomace, the kinetic energy of the engine, the heat pro- 
duced by friction, are all proportional and equivalent ; they 
are identical. The flame, which was used to light the fire in 
the furnace, is merely the exciting cause of the conversion of 
chemical energy into heat ; the amount of heat produced is 
totally independent of it. A single lucifer match may set 
fire to one pound or a thousand poimds of wood, or even to 
a whole forest ; but the heat produced is in proportion to the 
amount of chemical energy used up, and is entirely inde- 
pendent of the liberating force. 

In the case of a rifle, the pulling of the trigger constitutes 
the liberating force for converting the potential energy of 
the spring into the kinetic energy of the falling hammer. 
The energy of the hammer is converted into molecular move- 
ment, which again acts as a liberating force in causing the 
explosion of the percussion-cap ; this explosion acts as the 
exciting cause for the conversion of the chemical potential 
energy of the powder into the kinetic energy of the ball. 

In addition to the ultimate cause, and the exciting 
cause, a third factor is generally required in the production 
of a definite result, which I will call the determining factor. 
In the last illustration, the determining factor for the pro- 
jection of the bullet is to be found in the fact that the latter 
is contained in the barrel of the rifle, and thus only able to 
pass in one direction. For the production of a definite 
movement, a certain arrangement of surrounding objects is 
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a necessary determining factor. We can then distinguish 
between three sorts of causes : the ultimate cause^ the exciting 
cause, and the determining cause. 

It must be observed that in certain exceptional cases 
there is a certain proportion between the effect and the 
exciting cause. A well-known instance of this is seen in the 
drawing up of a sluice. The work performed in raising it is 
in proportion to the cross section of the falling current of 
water, and to the kinetic energy of the water. Nevertheless, 
the drawing up of the sluice is only the exciting cause which 
converts the potential energy of the quiescent water into the 
kinetic energy of water in motion. 

Similarly, if we have a number of weights hung up by 
strings of uniform size, the work done in cutting through the 
strings will be in proportion to their number, and conse- 
quently in proportion to the kinetic energy of the falling 
weights. And yet the cutting is only the exciting cause. 

We may now return to the question as to the relation 
between psychical and physical processes. 

The impulse of the will and muscular contraction 
certainly do not stand to each other in the relation of cause 
and effect in the limited sense. The impulse of the will is 
merely the exciting cause. The ultimate cause is the 
chemical potential energy of the food which is used up in 
the muscle, and is therefore converted sunlight. But the 
impulse of the will does not even afford the direct impetus 
for the conversion of chemical energy into the kinetic energy 
of muscle. There is probably a long chain of causes, such 
as processes in the brain, nervous system, and muscle, 
analogous to those shown to exist in the illustration of 
the rifle. 

The question as to the nature of the causal connection 
between stimulation of the senses and the sensations them- 
selves, is much more difficult to decide. Here there is 
undoubtedly quantitative proportion. The intensity of the 
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sensation increaseB with the strength of the stimulation ; bnt 
is there any proportionate relation between the two ? 

We shall not be able to decide tbia question, so long as 
we possess no means of measuring the intctnsity of sensations, 
or of any other psychical conditions and processes ; in the 
present state of human knowledge and of human intellect, it 
appears quite inconceivable that such means should ever be 
discovered.* We are, therefore, unable to answer the question 
whether the manifestations of the soul follow the law of the 
conservation of force, and whether they are transmuted sun- 
light. 

I must note that there is probably, in the afferent and 
central organs, a chain of processes intervening between 
stimulation and sensation, as there ia between will and 
muscular action. We are quite unable to decide whether 
the last form of motion, which reaches the brain as the 
result of stimulation, is converted into sensation, or only 
seryea as an impulse originating sensation, pogeibly from 
chemical potential energy. It is conceivable that an entirely 
new and particular kind of causal connection may be at 
work in this case. 

The theory has, nevertheless, often been advanced that 
there is an exhaustion of chemical potential energy, of food- 
Bubstanoes, corresponding to the performance of psychical 
functions. People have even tried to prove experimentally 
that intellectual exertion has an influence on change of 
tisane, as shown by the amount of excretions. All these 
experiments fail on account of the impossibility of measuring 
intellectual exertion, of even deciding whether it was greater 

• Pccliner {" EltrnDnte cler pHycbopliyaik : " Leipzig, 1860), taking Weber's 
law u biB iUrting-point, (viz. tbut the inereoae of stimulation muiit grow in 
proportion to Uio stimnlBticni olnAily eiiBtin;^. in order to produi^e b gciarceljr 
jicrocptible iocrcaso of scuaatioo). arrivin At the conolusion tliut seiiBatioDa aro 
proportionate to tlie loptTitlim of llie Btimalation. Attention has ft^uentl; been 
drown lo the (act tiiut the oagnmed cquslitj of the soarccly perceptible inervowM 
nf aciiEation, upon whioii the couiputatin:i is fouoded, ia purely nrbitnry- lliiB 
is not the plotc to mttt more fully iuto Ihia subjcpt. 
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or less. A man who stiutB himself up in a datk room, with 
the intention of keeping his mind a blank, may involun- 
tarily exercise it more than if he were to sit down to his 
books with the intention of exerting all his intellectual 
faculties; besides, we ought to take into consideration the 
emotions, which probably far exceed all mental exertions in 
the expenditure of energy, and which we cannot call into 
play or dismiss at will. 

We must consider, moreover, that the weight of the brain 
is less than 2 per cent, of the weight of the body, and that 
only a portion of the brain is employed in mental func- 
tions. Even if the metabolism of this organ were, by higher 
psychical activity, promoted to the utmost, we could not 
expect to recognize this fact in an increase of the total 
metabolism. Even if it could be distinguished, we should 
not be justified in concluding that the work of the mind 
was converted potential energy. The connection might be an 
indirect one. 

With a knowledge of this point of view, the beginner will 
be in a position to peruse critically the works' that have 
appeared concerning the influence of mental work on meta- 
bolism. 

In recapitulating the main features of our previous 
remarks, the following contrasts strike us in the changes 
that animal and vegetable substances undergo : — 

1. The plant forms organic substances ; the animal 
destroys organic substances. The vital process in the plant 
ia synthetic, in the animal analytic. 

2. The life of the plant is a process of reduction ; the 
life of the animal a process of oxidation. 

3. The plant nses up kinetic energy and produces 

• BfBcVel, Beilr. i. JleilkaniU : ISiO; 'SammoaA, Anier. Jounuil of MmlicaX 
Sfimeet, p. 330; lgS6i Sum, Haughton, Dublin Quaiterly Journal of jaadiml 
Seitnce, p. 1 : 1800 ; J. W. Piitoii, Juumal «/ AnaUrmy aiut Phgiial, vol. v. p. 
VJ6: IKTI: Liefaetmeiiter, Bundb. d. FnlhU. u. Therait. dei FIrberi, p. )9G: 
LMpiig. 1875 ; Speck, Arch. /. M/«-r. T.ifA. «, Phurm.. v>l. xr. p. 81 : 1882. 
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poiential energy; the animal usea up potential energy ana 
produces kinetic energy. 

Bat "nature takes no leaps." In morphology, no definite 
demarcation can be drawn between plants and animals ; in 
the aame way, the contrast between them disappears, when 
we examine tbe two kingdoms in relation to the conversion 
of energy and metabolic processes which they exhibit. 

There are unicellular beings, without chlorophyll, such 
as fungi and bacteria, which are incapable of assimilating 
tbe carbon of carbonic acid. It must be broaght to them 
as an organic compound, as sugar, tartaric acid, etc. Here 
they resemble animals. But they can assimilate nitrogen 
in inorganic compounds, as ammonia and nitric acid; here 
they resemble plants. The fungi and bacteria, which cause 
fermentation and processes of decomposition (see Lecture X.), 
use up chemical potential energy and develop kinetic energy, 
heat and movement ; again behaving like animals. But by 
synthesis they form albumeu from ammonia and BUgar, 
thus again behaving like plants. In our future observations, 
we shall see that in every cell, even of the most highly 
organized animal, syntheticjprocessea occur side by side with 
processes of decomposition, as they do in the cells of plants. 
Within the rigid cellulose-wall of every vegetable cell is a con- 
tractile protoplasmic body which breathes and performs 
"active" movements like every animal. In every part of 
a plant, oxygen is used up and carbonic acid produced, as 
in every animal ; only that, iu the parts of the plant which 
have chlorophyll, this prooess of oxidation is hidden by the 
more powerful process of reduction. But even this only 
takes place so long as sunlight shines upon those particular 
parts. In the dark, the parts of the plant containing 
chlorophyll breathe like animals ; the parts without chloro- 
phyll do so in the sunlight as well. 

The contrast disappears, however, still more completely 
in certain highly organized phanerogams, so-called para- 
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sites, wbich do not posseus chlorophyll, and which derive their 
nonnshmeDt £rom the organic substances formed by other 
plants. The Monotropa, for instance, is, in morphological 
Btmcture, a Fyrolacea, but, in its metabolism, it is an 
animal. 

On the other hand, there are animals which contain 
chlorophyll. Certain worms (Planariffi) and Ccelenteratie 
{Hydra riridis) have chlorophyll-^irnteB, seek Bunlight, and 
pye off oxygen in the light, bat soon die if kept in the 
dark," It has, however, been more recently shown by Geza 
Entz t and Karl Brandt % that the chlorophyll-granules are 
not free in the tissues of the above-mentioned animals, but 
ore enclosed in unicellular algie, which live in these animals 
as "symbionta." § But the chlorophyll-granules in plants 
may be likewise only symbionta. So far it is certain that 
they never arise in the tissues of plants in any other way 
than by division of other chlorophyll-granules already 
therc-ll Besidea this, Engelmann^ has shown that certain 

• V. OeddcB. Compt. rmJ„i luiTii. p. 1095: 1878; anil Pnxr. Roy. Soc.. 
Tul. xx*iii. p. 449 ; 1879. 

t Gez» Eiitr, Ueliet die Nntur dei "ChloropbjlItorpercliBn" idedercr 
Tlilcns Bioloy. CmtralhlatI, toI. i. No. 21. p. 646 : Jnnanrf 20, 1882. 

I Karl Bnndt, Vtrh. d. phfjtinl. GwHwft. .■ Beilin, Norember 11, 1881; 
Bi(^. CmlralMMI, tuI. L No. 17, p. 524 ; Ank. /. Anat. u. PhytioL, p. I2S t 
1882; Mittliaamgen a. d. Zoohg. Statiaa iii Ntapel, toI. Jr. p. 191 : 1883, 

{ Tlia term " Bfaibioiila " Is applied to those ponuite* whicli do no harm to 
their boats, oacb being of mutual aasiatance to Uie athar. A known instance 
of sfmbioeis ocean in the nilaCioaship betneen alga and fangi in the thallu* 
nf berpee (FUchUa IkaUai). dUcoTcred by Schwendener (Nigeli's Beitr. i. 
unttenmK. Bol., Iieftii., iii., and i». : Leipiig, 1860-68). Tbe morereoentdijoovery 
of numeruoa eiamplee of ajmbioaie ia uudanbtedl; an HcquiaJlioQ of the grealeil 
impoTtaiice in every bmneh of phyeiology. The name " BjrmbiosLa" «ne iDtnK 
duecl bj De Bary, "Die Erwbuinong dcr Synibiuee," Vortrag, Strniboarg: 
TrQbtier, 1ST9. An inlereatiog aoconnt of the lit«ratare of thig aubjcot will be 
Enind in O. Hertwig'a " Die Sjmbiode oder das QeDuManBchalUIeben im 
ThierBiah," Vortrag : Jona, 1883, 

II Arthur Mayor, "Da» ChlurophyUkom," p. 55: Leipzig, 1883; A, F. W, 
Bohitnper, JahrhSAer fir utiuenidi. Bolnnik, vol. vi. p. 188 : 1885. Aa oocoant 
of the mrlier literature of the BUbjeot will be found here. 

1 Tt.. W. Enselmaim, PSilger'a Areh.,' vol. uui. p. 80 : 1883. llie method 
employed by Engelraann to prove the ocourrenoe of oiygou, woa iieciiUiir. It 
«u bawd oa the fact that certain bnctetin, CHg(« for oxygen, nnnrin miind the 
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infusoria, VorticellaB, contain chlorophyll dififused in their 
plasma, which likewise gives ofif oxygen in sunshine. 

It follows that a complete antithesis between interchange 
of force and matter in animals and plants does not exist ; * 
and it will be henceforward impossible to separate the 
physiological chemistry of the vegetable from that of the 
animal world* The more our knowledge of each section of 
science advanceSi the more the two become fused together. 

oella containing chlorophyU. Oompare the earlier and highly interesting treatises 
of Engelmann in Pflftger's Arch,, vol. xxv. p. 285 : 18S1 ; yol. zxvi. p. 537 : 
1881 ; vol. xxvii. p. 485: 1882; and vol. zxx. p. 95: 1883. 

* Comp. CI. Bernard, ** Lemons sor les ph^nom^es de la vie, oommnns aux 
animaux et aux v^g^taux : " Paris, 1878. 
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HX7MAK NUTBinON — DEFINITION AND CLASSIFICATION OF FOOD-SUB- 
BTANOES— ORGANIC FOOD-STUFFS — ^ALBUMEN AND GELATIN. 

Otjb observations up to this point have shown us that the 
constituents of our body are subject to a constant circulation, 
to uninterrupted change. The materials which we take into 
our body to replace the loss which is always going on in this 
circulation, are called food-substances. This is the defini- 
tion of the term food-substances which is still met with in 
most text-books. But this definition is incomplete; it does 
not cover the whole meaning of food-substance; it dates 
from the time before the law of the conservation of energy 
was discovered. According to this definition, water would be 
the most important food-stuff, for our body contains 68 per 
cent of water, which is constantly being given off by the lungs, 
the skin, and the kidneys ; and this loss can only be replaced 
by the introduction of a fresh supply. The rudest form of 
empiricism, untutored common sense, is opposed to this in- 
terpretation, as no one would think of calling water ** nutri- 
tious." Now, why is water not nutritious ? For the simple 
reason that no potential energy is conveyed to the body by 
water. Water is a saturated compound ; it as little produces 
movement as a stone lying on the ground. The stone cannot 
fall till it has been raised from the ground by the employ- 
ment of kinetic energy ; and not until the atoms of oxygen 
have been separated from the atoms of hydrogen and car- 
bonic acid by the kinetic energy of sunlight, is the plant 
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enabled to store up that potential energy which gives ris^^ 
all the forms of kinetic energy contributing to animal life. 

We shall, therefore, include under the term " food-stuffs " 
those substances which are a source of energy in the body, 
as well as those which replace the lost constituents of the 
body. There are substances in our food which never become 
integral constituents of our tissues, but which go to form a 
source of kinetic energy. To these belong the organic acids 
80 widely diffused in vegetable food, such as tartaric acid, 
citric acid, and malic acid, which are never concerned in the 
formation of the tissues, but are burnt up to form carbonic 
acid and water, with the liberation of kinetic energy, which 
might be used for the performance of normal functions. To 
these we may perhaps add the earbobydrates, which like- 
wise do not appear to be employed in the building-up of 
tissues, although we know for a fact that they are the prin- 
cipal source of muscular work. Hence they are always 
oiroulating through all the organs of the body in the plasma 
of blood and lymph. They are, indeed, also found deposited 
in the tissues in the form of glycogen, but these deposits 
cannot be regarded as integral constituents of the Hving 
tissues ; they are only stores of potential energy which dis- 
appeat during muscular work ; they are as little parts of 
our organism as coal is a part of the steam-engine. The 
gelatin-yielding subetancea in our food, glutin, chondrin, 
osB^n, likewise serve only as sources of energy, and never 
assist in repairing the waste of tissue. The coUaginous sub- 
stances of our tissues arc not formed from the coUaginous, 
but from the proteid constituents of food. But the gelatins 
in food are, as a matter of fact, split up and oxidized ; they 
produce kinetic energy. 

Inspired osygen must also be reckoned among the food- 
stuffs. It is the only one which enters our tissues as a free 
element. It never becomes an integral constituent of our 
tissues, unless the loosely combined oxygen in the oxyhnmo- 
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globin of the blood-corpUBelea may be considered so, but it 
is the most productive Boorce of energy. 

We have, therefore, to distinguish three olaBses of food- 
substances : 

1. Those which serve as sonrees of energy, and which 
can replace the e:diausted constituents of the body. To this 
class belong proteids and fats. 

2. Those which serve only as sources of energy. To this 
class belong carbohydrates, gelatins, oxygen. 

3. Those which serve only to repair the waste of tissue, 
and not as sources of energy. To this class belong water 
and the inorganic salts. 

Oar knowledge is at present too limited to permit of oar 
giving a satisfactory and sharply defined classification of 
food -stuffs. 

AVhen a substance is split up and oxidized in our body, 
■we do not know whether the kinetic energy hereby set free 
is really used up in the performance of normal functions, or 
whether it is given out as superfluous heat. In the latter 
case, the substance could not be regarded as a nutrient 
material, as it would be of no possible service to our or- 
ganism. Alcohol may perhaps he cited as an example of 
tbJa. In order to be of use in the performance of a normal 
function, a substance must split up and be consumed at the 
ri^t time, at the right place, in a definite tissue. But we 
are not yet in a position to follow out the course of the sub- 
stances taken up, so closely as this. 

It must, moreover, be borne in mind that certain sub- 
stances, belonging to the second division, may indirectly 
assist in the building-up of cpUh, by protecting the sub- 
stances of the first class from decomposition and oxidation. 
Fats sometimes come under the first, and sometimes under 
the second heading ; for, besides serving as stores of energy 
in the tissues, they are of great use in another way. The 
earbobydratea have, as we shall see, the power of changing 
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into fats in the animal body, thus coming into the first 
instead of the second class. In short, the division is merely 
provisionaL 

We will now consider the separate groups of food-stuffs 
in somewhat greater detail, beginning with proteids. 

PuoTEiDs may be regarded as the most important food- 
stuffs, in so far as they are the only organic food-substances 
of which it can with certainty be affirmed that they are 
indispensable, and that they cannot be replaced by any 
other nutrient material. They are to be found in every 
animal and vegetable tissue; they form the chief part of 
every cell; they are never absent from any vegetable or 
animal food. 

The various kinds of albumen which occur in the different 
animal and vegetable tissues offer great differences in their 
chemical and physical properties. The question is, therefore, 
what is included under the name of proteid ? Does it corre- 
spond to a clearly defined group of bodies ? What have all 
varieties of proteid in common, and what distinguishes them 
from all other organic substances ? 

First, all proteids resemble one another in being com- 
posed of the same five elements, in proportions of weight not 
very remote from each other, and which vary within the 
following limits, according to the analyses hitherto made of 
the different kinds of albumen : — 

Carbon .'iO'O to 55*0 percent. 

Ilyilropen . . . . . . 6*6 „ 7'8 „ 

Nitrop^im 150 „ 190 

Biilphur 3 „ 2-4 „ 

OxyKen 190 „ 24-0 ., 

Secondly, all proteids are alike in never occurring in true 
solution. Numerous clear liquids, containing proteids, are 
fiuind in plants and animals, or may be artificially produced. 
But the fact that the proteid does not diffuse through animal 
membninos, proves that it is not really dissolved in these 
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liqnidB. The substances tbat are thus only apparently soluble 
have been termed '' colloids " by Graham,' 

If a solution of sodium silicate be [loured into a vessel 
containing a large excess of dilute hydrochloric acid, the 
silicic acid thus set free remains apparently dissolved. By 
dialysis, the sodium chloride thus formed and the escesa 
hydrochloric acid may he got rid of, when a clear solution 
of pure silicic acid will remain in the dialyaer. The silicic 
acid may amount to 14 per cent- of the solation without 
its becoming thick and turbid ; it is readily poured out. But 
a few bubbles of carbonic acid passed through this solution 
suffice to coagulate the silicic acid, which separates out as 
a gelatinous mass.f Grimaux} prepared a 2*26 per cent, 
solution of silicic acid, which was more stable, and which did 
not clot either in cold or upon warming, when carbonic acid 
was passed through, but did so when heated after the addition 
of common salt or of Glauber's salt, 

The hydrate of alumina is soluble in a watery solution 
of aluminium sesquichlorJde. If such a solution be placed 
in the dialyser, the chloride diffuses out, and the solution 
of pure alumiua remains in the dialyser as a clear, readily 
transferable fluid. This solution coagulates as soon as a 
small quantity of any salt is added. A 2 or 3 per cent, 
solution of alumiua can be made to clot by the addition of 
a few drops of spring water ; it coagulates when poured 
from one glass into another, unless the glass has, immediately 
before, been washed out with distilled water.J 

In a similar way ae with the alumina, oxide of iron may 
be obtained as a clear blood-red apparent solution which is 
also Ter>' prone to coagulate. || 

Grimaux found that an ammoniacal solution of oxide of 



■ Th. Onhnni, FhOoKipli. TranM., Tol. oli. part i. p. IS3 ; 18G1. 

t Gmhun. loe.ciL,p. 201. 

; Giininax. Oompl. reiuL, part luviii. p. 1437 : 1881. 

S Oimhom, toe. ciL, p. 20T. || Graham, he. eit., ji. ! 
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copper also behaves like a colloidal substance, that it does 
not diffuse, and that it coagulates on dilution with water, 
on the addition of magnesium sulphate or of dilute acetic 
acid, or when exposed to a temperature of from 40*^ to 
50° C* 

Many organic, as well as these inorganic colloidal sub- 
stances, and all proteids, have the property of appearing in 
two forms, in apparent solution or in a coagulated form. 
The conditions, under which the albumens pass from one 
modification to the other, are very varying, and offer a 
method of classifying and distinguishing the many different 
kinds of proteid.t Some of them may, under appropriate 
conditions, be kept in solution by water alone ; to these 
proteids belong serum-albumen and egg-albumen. Other 
kinds of proteid require the addition of alkaline chlorides 
in order to dissolve them ; such are the globulins which 
are found in the blood, in muscle, in the yolk of egg, and 
probably in the protoplasm of every cell. If blood-serum 
be put in a dialyser, the salts which hold the serum-globulins 
in solution diffuse out, and the globulins separate on the 
dialyser as finely flocculent coagula, but the serum albumen 
remains dissolved in the pure water.f There are other 
varieties of albumen which cannot be held in solution by 
alkaline chlorides, but only by basic alkaline salts, in which 
case saturation of the alkalies with acids causes coagulation. 
The casein of milk and the artificial alkali-albumens belong 
to this category. Lastly, we come to the proteids which 

• nrimauT, hr. eit.i p. 1435. 

t A complete enumeration of all kinds of albumou and their distinguiBhing 
reactiona would, I fear, weary the bejsi^inner, so I wiU refer him to the article 
" Eiweisskorper" (Proteids), in Ladenburg*« Handwdrterhueh der Chemie, In 
this article K. Drcchsel has given a very complete description and classification of 
the varieties of albumen, with a careful account of the literature of the subject 
(249 treatises). 

X Aronstein, ** Uober die Darstollung 8alzfrci«^r Albuminlosungen," Dissert. : 
Dorpat, 1873 ; and Pfluger's Arch., vol. viii. p. 75 : 1873. See also A. E. Burck- 
hardt, Arch. /. exper. Path. u. Pharm., vol. xvi. p. 322 : 1883; and G. Kauder 
ibid.,\o\. XX. p. 411: 1886. 
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are so prone to coagulate, that they do bo as soon as life 
IB extmct in the tissues to which they belong. The coagu- 
lation of the blood and the phenomenon of muscular rigidity 
after death are connected with this fact. It even appears 
that these kinds of spontaneously coagulable albumen exist 
in every animal and vegetable cell. All proteids, without 
exception, pass from the soluble into the coagulated modifica- 
tion hy exposure to the boiling-point, provided they have a 
neutral or weakly acid reaction, and if neutral alkahue salts 
be present in considerable quantities. Silicic acid and many 
other colloids, an already stated, act in the same manner. 

Concerning the inorganic colloidal substances, wo know 
that besides occurring in these two modifications, they also 
appear in nature in a third, vtz. tho cr^'stalline form : 
silicic acid as rock-cr}'stal, alumina as corundum and ruby, 
oside of iron as specular iron ore. 

This fact justifies ns in hoping to obtain proteids likewise 
in a crystalline state. Not until we succeed in so doing, 
shall we be in a position to determine their chemical indi- 
viduahty, and to ascertain and compare their composition. 
The aaaiysis and examination of pure proteid crystals and 
of all their products of decomposition, would form the key-note 
of physiological chemistry. 

Histologists have long . been on the track of crystalline 
albumen. Under the microscope may be seen embedded in 
the seeds and glands of certain plants, little granules which 
have the appearance of incompletely formed crystals, and are 
therefore termed crystalloids, or aleuron-crystais. Similar 
strBctures may bo seen in the yolk of egg of many animals, 
the BO-called yolk-plates. By mechanical means, such as 
shaking the finely .chopped materials with ether and other 
hqoids, by washing, filtering, etc., these crystalloids may 
be isolated and obtained in considerable quantities. They 
give albuminous reactions, which prove them to belong to 
the above-mentioned group of globulins : they are soluble iu 
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a solution of common Bait." Maschket has succeeded in 
recryatallizing the crystalloids of the para nut (BerthoUetia 
ej-cfUa). They dissolved in vrator at from 40" to 50" C. and 
the albumen separated out into crystals upon concentration 
of the solution. Schmiedeberg t obtained crystalline com- 
binations of the same proteid with alkaline earths, the 
cryBtatloids being mostly soluble in distilled water at &om 
30* to 35° C. When a stream of carbonic acid is passed 
through the clear filtered solution, globulin is precipitated. 
If this precipitate is treated with magnesia and water, the 
magnesia compound of the globulin is dissolved. From 
this solution, when concentrated at from 30" to 35" C, the 
magnesia compound of the globulin is separated out as 
woll-fotmed peculiarly glistening polyhedral crystals, of the 
size of poppy-seeds. If a little calcium chloride or barium 
chloride be added to the solution before concentration, we 
obtain the calcium and barium salts of the globulin iu fine 
crystals. 

The fact that these crystals are not &ee albumen, but 
compounds of proteid with substances of known atomic 
weight, enables us, greatly to our advantage, to make an 
exact analysis of this combination, and thus determine the 
molecular weight of the albumen. 

Drecbsel^ found 1'40 per cent. MgO in the crystals of 
the magnesia compound, which he obtained according to 
Schmiedeberg's method, drying them at 110° C. From this, 
the molecular weight of the albumen has been reckoned : 
.r 100 - 1-40 



40 



1-4 



= 2817. 



By the following alteration in Sobmiedeberg'a method. Dreeh- 

* Th. Wejl. ZtllJirhr. /. phgiial. CJinM., vol. i. p. 84 : 1877 ; oontaiuing a.\ao an 
wi^ount or the earlier litunttiire of the sabject. 
t O. Miuoliktr. Botan. Ztilg.. p. 441 : 1859, 

I O. SoLmieiicberg, Zeiltnhr.f. phyiM. Chtm.. vol. i. p. MS ; IB77. 
S E. Dreoluiel, Josnt. f. vrakl. Chem. N. F., vol. six. p. 331 : 1873. 
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Bel succeeded in more perfectly crystallizing the magnesium 
compound. Instead of concentrating the solution, he intro- 
doced it into a dialyser, which he placed in absolute alcohol. 
In proportion &a the alcohol took the place of the water, 
crystalline granules continued separating out of the solution. 
The determination of the magnesia in the crystals dried at 
110' C. gave 1"43 per cent, MgO, or nearly the same as in 
the first preparation. The molecular weight of the proteid 
thus calculated is 2757. On the other hand, the amount of 
water varied in each preparation, the first yielding 7*7 per 
cent., the second 13'8 per cent, of water, both at 110° C. 

By a similar method, with the alcohol dialyser, Drecbsel 
sncceeded in producing a sodium compound of the same 
globulin. At 110° C. this yielded 15'5 per cent, of water, 
and contained in a dry state 3'98 per cent. NajO. From 
this the albumen molecule is found to be equal to 1496, or 
nearly half as great as in the calculation from the magnesium 
compound. K the smaller molecular, weight be accepted, we 
must conceive that a bi-valent atom of magnesium links two 
molecules of albumen. If we accept the double weight, the 
molecule must contain two hydrogen atoms, which are replaced 
by sodium atoms. The amount of incinerated albumen was 
much too small to allow of an exact estimate of the molecular 
weight. The absolute amount of the MgO weighed 0'0050 
and 0-0065 grm. ; that of the NaaCO, weighed 00773 grm. 
It would be of great interest to determine with accuracy the 
relation of sulphur to sodium by a series of careful analyses, 
in which large quantities of albumen were incinerated. Sup- 
posing that no whole number of sulphur atoms went to one 
atom of sodium, but a whole number and a fraction, then 
the denominator of the fraction would have to be multiplied 
by the equivalent of the albumen molecule, calculated from 
the proportion of sodium. No one has hitherto been found 
to undertake such a troublesome experiment, and we there- 
fore know nothing eouceming the size of proteid-molecoles. 
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The most thorough investigations upon proteid-crystals 
have been carried out by G. Griibler,* under Drechsel's 
guidance. They succeeded in recrystallizing the crystalloids 
of pumpkin-seeds, by preparing at 40^ G. saturated solutions 
of globulin in salt solutions, such as sodium chloride, ammo- 
nium chloride, magnesium sulphate, from which the albumen 
separated out in crystals on very slow cooling. These crys- 
tals were regular octahedra, and when incinerated left only 
0*11 to 0*18 per cent, of ash, which consisted of alkalies, 
lime, magnesia, iron, and phosphoric acid. When incine- 
rated with potash, 0*28 per cent. P2O5 was obtained. 

The elementary analysis of Griibler's proteid-crystals 
gave the following mean, obtained from a series of analyses 
which agreed well with each other : — 





i^teid-crysulft fh)m 


Proteid-crysUla from 


Proteid-crystAls from 




sodium chloride 


ammonium chloride 


magnesium sulphate 




BOlUtiOD. 


solution. 


solution. 


Carbon 


53-21 


53-55 


53-29 


Hydrogen . . 


722 


7-31 


6-99 


Nitrogen . . 


19-22 


1917 


18-99 


Sulphur 


107 


116 


1-13 


Oxygen . . ... 


1910 


18-70 


19-47 


Ash . . 


018 


Oil 


0-13 



Griibler has also produced a crystalline combination of the 
same proteid with magnesia : the crystals separating out on 
slow cooling of a solution (obtained at 40° C.) of albumen 
and magnesia in water. The crystals showed the following 
composition : — 



Carbon . . 

Hydrogen 

Nitrogen 

Sulphur 

Oxygen 

Ash 

MgO .. 



ry matter. 


Matter troe from ash. 


52-66 . . 


. . 52-98 


7-20 . . 


. . 7-25 


18-92 . . 


. . 18-99 


0-96 . . 


. . 0*1)7 


19-74 . . 


. . 19-81 


0-52 




0-45 





♦ G. Griibler, ** Ueber ein krystallinidches Eiweifis der Kiirbissamen " Jo%um. 
/. prakt, Chem., vol. xilii. p. 97 : 1881. 
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The following formula for the magnesinm compound of 
globulin may be made out from the percentage composi- 
tion : — 

Cii7oHi92oN36o03328gMg3. 

It is to be regretted, in this analysis, that the quantity of 
incinerated albumen was again far too small for an exact 
estimate of the magnesium and sulphur. The absolute 
weight of the barium sulphate was 0*0521 grm., that of the 
pyrophosphate of magnesia 0*0166 grm. 

If we assume the presence of only one atom of magnesium 
in the magnesium compound, as Griibler did in his computa- 
tion, then the size of the molecule would be 8848. But our 
calculation shows that for each atom of magnesium we must 
claim 2§ atoms of sulphur. 

x;82_q;96. _8 
40 ~ 0*45 ' ^ ~ 8' 

The molecule of the magnesium compound must therefore be 
taken as three times larger. It is conceivable that the three 
bi-Talent magnesium atoms may link four albumen molecules, 
and that only two atoms of sulphur are contained in each. 
Every albumen molecule would then have the following com- 
position : — 

C292H4giN9o083S2. 

From this point of view, we attain to the smallest molecular 
weight of which analysis admits. But this supposition is 
quite arbitrary, and the molecular weight probably a multiple 
of that calculated. 

Ritthausen,* adopting the method of Drechsel and Griibler, 
produced crystalline proteid from hemp and castor-oil seeds. 
The elementary, analysis gave the following percentage com- 
position : — 

• Bitthausen, Joum,f. prakt, Chem, N, F., vol. xxv. p. 130 : 1882. 
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Carbon 

Hydrogen 

Nitrogen 

Sulphnr 

ABh .. 

Oxygen 



Globnifn from 
hempseed. 

. 50-92 ., 

. 6-91 . . 

. 18-71 .. 

. 0-82 . . 

. 0-11 . . 

. 22-53 . . 



Globalfn from 
OMkN>oUMed. 

50-85 
6-97 

18-55 
0-77 
0-057 

22-80 



HsBmoglobin, the red colouring- matter of the blood, also 
belongs to the proteid compounds capable of crystallization. 
This substance forms the chief constituent of the red blood- 
corpuscles, and is the compound of a proteid with a body of 
known composition containing iron, called hsematin. An 
exact analysis of completely pure hsemoglobin crystals has 
been carried out by Zinofifsky,* who went on recrystallizing 
the hsemoglobin crystals, obtained from horse's blood, until 
the dry residue of the solution showed the same amount of 
iron as the dry crystals. The elementary analysis of these 
crystals yielded the following results : — 



Carbon 


51-15 


Hydrogen 


6-76 


Nitrogen 


17-94 


Sulphur 


0-389 


Iron 


0-336 


Oxygen 


23-425 



The relation of the sulphur atom to the iron atom may, 
from Zinoffsky's analysis, be calculated thus : 

x'32 _ 0-3890 o.AQ 
= ; X = 2*03. 

56 0-3358 

Exactly two atoms of sulphur combine with one atom of iron, 
and the formula of the hsemoglobin is found to be — 

^Tu-HiiaoNniOaisFe Sat 

If the molecule of the hsematin, C32H3aN404Fe, be subtracted, 
the formula of the proteid is obtained : 

C680H1098N210S2O241 • 



* O. Zinoffsky, ** Ueber die Grosse des Hamoglobinmolekiils," Dissert. : 
Dorpat, 1885 ; reprinted in the Zeittchr.f. physiol Chem,, Tol. z. p. 16 : 1885. 
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A. Jaquet • found that exactly three atoms of salphnr go to 
oue atom of iron, in the hemoglobin of dog's blood. The 
analysis gave the formula : 

C™JIi»3N,«S,FeO.,B. 
After aubtraction of the htematiu, it is : 

The calculation is not quite exact, because the splitting up of 
the hsemoglobin into albumen and hsmatin only occurs by 
the absorption of water and oxygen.t A few hydrogen and 
oxygen atoms must therefore be added to tbe above proteid 
formulas. Nevertheless they are, perhaps, the most exact 
that have boeu computed from the proteid analyses hitherto 
made, and may serve for present guidance. 

Hamack ^ has produced and analyzed a proteid combina- 
tion which, though amorphous, is probably pure. Hamack 
precipitated neutral solutions of egg-albumen with solutions 
of copper, and obtained the noteworthy result that, although 
the quantitative relation of the albumen and of the copper 
salt varied greatly, yet in the precipitates, the albumen com- 
bined with the oxide of copper was only found in two perfectly 
definite proportions. The precipitates contained either from 
1-34 to 1-37, a mean of 1-35 i}er cent. Ca, or from a-Sfi to 2-68, 
a mean of 2'64 per cent. Cu; in one case, therefore, exactly 
twice as many copper atoms as in the other. 

The complete elementary analysis gave a mean from a 
series of estimates agreeing well with each other : 

I. II. 

Carbro 3250 .. .. 51-43 

Hydiogen .. .. .. 700 .. .. 8((4 

Nitrogeu !B32 .. ,. IBS* 

Snlphur 123 .. .. 1-25 

Copper . . , . 135 . , . , aM 

■ Alftcd Joquet. " Bei tr. z. Kenutaiu dea BlutfarbstoffuB," DUseit. : Burl, 188D. 

t Couoefuing tbi^ aee Kax Li^bennbBiim, Wiat. Sittungtber, vol. xov. p&tt ii. 
llarah No., 1887. lu this work, named out ja B«rue uuder Kenaki's direotioD, 
tbate U alBonn account i>ftheearUer literature OQ the splitting up of hnmoglobia. 

} E. Uaniaok, ZeiUchr. /. phj/tuil. Chem., vol r. p, 196 : 18S1. 
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According to the first analysis, the relation of the solphar 
atom to the copper atom may be calculated as — 

x'Q2 1-23 - Q^- 
= ; X = 1'805. 

63-4 1-35 

The second analysis makes x = 0*938. In these analyses, 
also, the incinerated residue was much too small to allow a 
determination of the copper and sulphur.* A more exact 
estimate of these elements is urgently required. From his 
analyses, Harnack reckons the formula for the first com- 
bination : 

Caj4H3aoNg20e6b2Cu . 

Loewt has produced two silver compounds of egg-albumen, 
which correspond to Harnack's copper compounds : one con- 
tained from 2'2 to 2*4 per cent. Ag, the other a mean of 4*3 per 
cent. Ag. Taking Harnack's figures for the amount of copper, 
the silver equivalent may be computed = 2*3 per cent, and 
4*5 per cent. These facts go to prove that Harnack's and 
Loew's preparations were true chemical entities. It is to be 
regretted that Loew has not made any elementary analysis of 
his preparations. 

The formulae of the proteids already quoted are : 

Egg-albumen C204H322N62O66S2- 

Albumen in haemoglobin from horse C68oHioo»N2io02iiS2. 
Albumen in haemoglobin from dog C7J6H1171N194O214S3. 
Globulin from pumpkin-seeds C292H48iN9oO^Sa 

Thus if we select the most careful and exact of all the 
analyses hitherto made of the purest preparations of different 
proteids, we find that they give very varying quantitative 
compositions, and that they particularly differ in the amount 
of sulphur. 

So far as they have been investigated, proteids show a 

• Comp. O. Loow, Pfluger'a Arch., vol. xxxi. pp. 393-395: 1883. 
t 0. Loew, loc. citj p. 402. 
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certain unanimity in their products of decomposition. It 
appears that the various albamens are composed of the same 
combinations in different proportions. On heating the pro- 
teids with baryta water, they break ap under hydration into 
numerous combinations, which are almost all of known eon- 
Btitution. The principal are carbonic acid, oxahc acid, acetic 
acid, ammonia, sulphuretted hydrogen, sulphuric acid, and 
a number of amido acids, such as aspartic acid, leucin, 
tyrosin, etc. The same amido acids and ammonia also 
present themselves on boiling the proteids with acids, but not 
carbonic, oxalic, and acetic acids ; instead of these, a series 
of organic bases are formed, the precise compoaitiou of which 
has not yet been investigated, and which yield carbonic acid 
on beating with baryta water. The above-mentioned amido 
acids are also split ofT from the proteid by ferments. We 
shall have to discuss the products produced by the splitting 
op of proteids more fully when we come to treat of the 
chemistrj- of the urine ; we shall then also consider the de- 
composition of the nitrogen compounds of the organism {vide 
Lecture XVI.). 

Another group of food-stufifs, the oelatinifebodb or oolla- 
GiuouB SUBSTANCES, are closely related to the proteids in 
chemical qualities; but their physiological import is quite 
different. 

Gelatiniforous substances are the chief constituents of 
connectn-e tissue, of bone and cartilage, and therefore form 
an important part of the food of carnivorous and omnivorous 
animals. 

Gelatins, like proteids, are colloids containing nitrogen 
and sulphur, and may likewise occur in two modifications 
— one apparently dissolved, but not diffusible ; the other 
coagulated. But the conditions of the transit from one modi- 
fication to another are exactly the reverse. All proteids clot, 
as already described, at boiling-point, with neutral or weakly 
add reaction, and in the presence of salts ; the gelatins, on 
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the contrary, become soluble under these circumatances," and 
on cooling the solution of gelatin thus formed again dots. 
Solutiona of albumen are precipitated by mineral acida, but 
not so solutions of gelatin. The gelatin of cartilage is cer- 
tainly precipitated by very dilute mineral acids, but disBolved 
by an excess, thus behaving in the opposite manner to the 
glohuliuB, which are soluble in very dilute (1 per 1000) hydro- 
chloric acid, but are again precipitated by an excess of it. 

If, therefore, varieties of proteid and gBlatine are soluble 
or coagulable under opposite conditions, we need not be sur- 
prised to find that under aimilar conditions in the organism, 
the one occurs invariably in the soluble, the other only in 
the solid, modification. Proteids are found in our bodies only 
in a liquid state. In this form they are the main con- 
stituents of the blood-plasma and of lymph, or they occur in 
that peculiar semi-liquid modification common to all those 
tissues which play an active part in the fnnctious of 
our bodieH ; the contractile constituents of muscle-fibre, the 
axia-oylinders of nerve-fibres, the protoplasm of all cells 
which we must not conceive as rigid structures, but as 
engaged in a constant state of active amceboid movement.t 
The collaginoua matters, on the contrary, are found in oar 
tissues only in the rigid modification ; they form the supports 
and the framework of our bodies, viz. bone, cartilage, liga- 
ments, and connective tissue of all kinds. 

But bere I must guard against a misunderstanding, lest 
it should appear that 1 am identifying the gelatiniferoQS 
constituents of the tissues with coagulated gelatin. In the 

* Tt il not until after t)iij< phosphates aad carbonati^s of liiue ami tnagncMiil 
hflve been extroctal with dilute hTilrocliIoric u«id nt a Ion tcmperaluri', tiutt tlic 
^InCin of bono is diaaoltod in boiling wftter, and csponialiy under incnsMe'l 
pressure. Tlie uilta ot lime and ma^esia appenr to be alieniiuilly uniteil with 
the ^latigenoiu EobetaDce. 

t As ainad; mentioTU^d, albumpn is found in the solid form, deposited in 
prystala, rnily in the yolk of egg, Bud in the seeds nnd bulbs of plants. Thew 
orjstalloida are not integral constituents of the lirinij- iiasus, but dead material, 
'it for the future derclopoiCDt ot the germ. 
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conversion of coUaginous tissues into solutioDH of gelatin, H 
a fundamental change takes place, poasibly a decomposition H 
accompanied by hydration, and the gelatin is not reconverted V 
into collaginous matter on coagulation. 

The percentage composition of the varieties of gelatin 
is nearly the same as that of the proteids. At the same time, 
it is charaot eristic of the former that they are somewhat 
poorer in carbon and richer in oxygen ; they are products of 
the initiation of the breaking op and oxidation of the proteida 
in the animal body. According to the analyses' hitherto 
made, the percentage composition of the gelatinous sub- 
Btances varies within the following limits : — 




Gclilln tnaa baas 


ClioaJriu. 


- i 


Carbon 

fiuiphur ;■. ;; '.'. 


49'8— 50'8 
6S— 0-6 
175-18-4 

- 0'56(?) 
2*9— 2H0 


47-7— 50-2 
GC— 8-8 

i3-e-i4-i 

0-4— 0-8 (?) 
29-0— 51-0 


50-0 -SS'O 1 
li-6— 7-3 ■ 
15«— 190 ■ 

U'3- 24 ■ 
19-0~24-U H 


We know for a fact that certain compounds of the aromatic 
class, rich m carbon, and which issue in the form of tyrosin 
and indot from the decomposition of proteids, are absent in 
the gelatiniferous substances. t It is, moveover, a fact that 

• Fr. HofineisUir, ZeiUchr. /. phgsiol Chem., toL ii. p. 299 : 1878. 

t The sbBcnce of tjioaln explain* the hot tliaC gelatin doei not give MiUon't 
rMoUon, which ia oommon to all proleida (red colouration on boiling with nitrate 
of meriMu;, with the addition of TuiniDg nitric acid). All srunistia oxy-ncids 
■nd Uieii- derivatives, to wliieh tjrosin beloiigB, gi»e thia reaction. On the other 

ha* hitherto not been eliown to exist among the deoiimposition -prod note of any 
albtuninoua body, ia obtained from Ibe gelatin of bones and connective tiasue, on 
boiliDi; Hilh alkalies and acids, and in putreriLctiOD. On boiling with acids, 
cartilage-gelatin givea a anbatanoe whioli rednoea oiido of copper in an alkaline 

1 (Pfl8(tet'« An*., vol. iiiii- p, 193 : and vol, il. p. 21 : 1886), a colloid carbo- 
1 byilnle (" animal gum ") may be obtained from ohondrin by lung boiling with 
1 walOf. Mering mentions that a protdd, ayntonin, also ooours among the deeom- ^^^^H 
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the heat-eqaivalent of gelatin is lower than that of the 
proteiilB ; * that therefore a part of the potential energy in- 
troduced into the animal body by albumen, is already con- 
sumed during its conversion into gelatin-yielding substances. 
We should therefore, a priori, expect to find that the gelatins 
do not replace the albumen of nutrition, and that they cannot 
form the proteids of the tissues. Such a conversion would 
be opposed to the vhole tendency of animal metamorphosis, 
which is essentially a process of decomposition and of 
oxidation. The conversion of gelatin into albumen would 
be a synthetic process of reduction. The results of Voit's 
experiments,t showing that gelatin cannot replace the 
albumen of nutrition, are in agreement with the a priori 
deduction. When Voit fed dogs exclusively on gelatin, or 
on gelatin and fat, they excreted more nitrogen than they 
took in with their food ; they therefore used up the proteids 
of their tissues. But if to a small amount of the albumen 

pdsitiiiH-pKJueW of ftiflilnet-gBklin (choH'irin) (V. Mefbg, "Ein Beiteng t. 
Cbam. d. KuorpeLs," laaof^ural DieserL : Strasburg, 1873). TLia view is oppoaed 
to the glntement Ui&t no artnoatic oombiiiBtiona can be proved to exiet among the 
pioduots of obondtiD. On the pro<luotB of tlie deoomposition of proleida and 
^latin. sec further, H. Nenoki, " Ueber die Zersetzuog der GeUttoe nnd dea 
Eiweiasee boi der FialDua mit PftukrcAs" ; Bern. 1S76; J aleo JeaDneret. Jburii. 
/ pmkt. Cliem. N.F., vol. xv. p. 353: IS77 (from Nencki'a btbnmtory): Ed. 
Baolmer und Th. Curtius, BeT.±deaMt. ehem. Ges., rol.<tiv p. 330; 1880; »di1 
R. Main SiUungtber. d. KaU. Akad. d. Wutenidi. in Wiea, Math.-natur. Claue^ 

■ Danilevskj, CaUralHatt f. d. mfd. ITuienaoA. Not. 26 and 27 : 1S3I. 

t Viiit, Zeituchr. /. Biolog., bd. viii. e. 297 : 1872. Tholutoiioal iotrodaetiMi 
to thia treatise, ahowmg the nameroDs <>rror» iDt" which Any one would neoeMarilj 
fall from Ihe eiperimeDta, formerly made to decide the qneatioii oonceniiDg tb() 
nutritiTO value of gelatin, is highly inBtrni'tiTe and interesting. Cumpare also 
the later treatise on thin subject : ZeiUehr. f. Biolog. bd. x. s. 203 : 1 874. Wa con- 
not atlain to a oamplete understaiiding of the ituportanoe of nutrient substanoBH, 
until we got to know all the proceaseB of nietubolism. Wo ought, thereibrB, 
properly to leave thu oonBiiloratioo of the import of the various food-stufia to th» 
last ohapter of physiolo)ric*l ohnmistry. But this difflcnlty can in nn way be sur- 
mounted, for every chapter of physiology pretappoaes other obaptera. It appean 
to me advisable lo amuse the reoder'a iaterest nt tho atort. by pointing out the 
importaooe in vital proceaw< of those subatancL-B whose gradual ohanget and 
nltimate destination in the animal body must be the fouudatiaD of all futura 
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in the food, which was not by itself sufficient to prevent 
the tissues giving off albumen, gelatin was added, the nitro- 
genous equilibrium was restored. The gelatin, therefore, had 
preserved the proteid of the tissues from decomposition; it 
effects an " economy of the albumen." This property of 
economizing proteid also belongs to the fats and carbo- 
hydrates, but, as Yoit's experiments have shown, not in the 
same degree as to the gelatin. 

It has recently been supposed that the gelatin might 
perhaps replace the albumen if tyrosin were' at the same 
time administered. We now know that the contrast in the 
metabolism in animals and plants is not so complete as 
was formerly supposed. There was therefore the a priori 
possibility that albumen might be formed by synthesis from 
gelatin and tyrosin. The first experiments * appeared even 
to favour this supposition, but on careful repetition, a negative 
result was obtained. Lehmannf fed two rats on a mixed 
diet of gelatin, rice-starch, butter, meat extract, and bone- 
dust; and six rats on the same diet with the addition of 
tyrosin. They all died at about the same time, from forty-* 
seven to seventy days afterwards. Thus these experiments 
also tend to show that no albumen can be produced from 
gelatin, although we know, on the other hand, that all 
gelatin - yielding tissues of the body are formed from 
albumen. 

Gelatin, as such, is only to be found in cooked food. 
Of the gelatin-yielding tissues, the connective tissue is 
easily digested, and is therefore an important element of 
food. Meat, which consists to a great extent of connective 
tissue, disappears almost entirely in the alimentary canal of 
man. The digestibility of cartilage and bone was long 
doubted, until it was proved, by experiments in Voit's labora- 

* L. Henxmnn und Th. Escher, Vierteljahrechr. der natur/orsch. Get. in Zurich^ 
p. 36 : 1876. 

t Karl B. Lehmaon, Situngsber. d. Ges, /. Morphol. u. PhysioL in Miinchen : 
1885. 
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tory,* that dogs fed on gristle ejected but a very incon- 
siderable amount in the faeces. A large part (as much as 
53 per cent.) of the collaginous substance of the bones did' 
not reappear in the faeces. We do not know how far the 
digestive organs of man are capable of dealing with cartilage 
and bone, as no experiments have been made to ascertain this. 
Keratin, the chief constituent of the epidermis, of hair, 
nails, claws, hoofs, horns, and feathers, was formerly classed 
with the gelatin-yielding substances. But keratin is distin- 
guishable from the collaginous matters, as well as from albu- 
minous substances, by its high percentage of sulphur (from 4 
to 5 per cent.), but more especially from the gelatin-yielding 
substances, by the fact that tyrosin makes its appearance 
among its products of decomposition. According to this last 
property, keratin should be classed among the proteids. The 
keratins of the various tissues are probably not identical and 
not chemical entities, but mixtures of different substances. 
Keratin does not come under our consideration as food ; 
according to previous experiments it appears incapable of 
being digested by the mammaLf Certain insects can digest 
Jceratin. The caterpillar of the clothes-moth apparently 
feeds almost entirely upon keratin. Wherever, therefore, 
keratin is rendered soluble, it can take the place of albumen. 
The chief constituent of elastic tissue, ''elastin," which was 
likewise formerly classified under the same heading as 
gelatin, now stands by itself: on decomposition, it yields 
a small amount of tyrosin.f Elastic tissue is almost com- 
pletely digested by dogs.§ As regards human beings, we 

• J. Etringer, ZeiUchr.f. Biciog., Tol. x. p. 84: 1874. 

t Knieriem, '* On the Value of CeUulosie in the Animal Organism," p. 6, 
Jubilee Essay : Biga, 1884. Beprinted in the ZeiUckr. /. Biolog., toL xxi. 
p. 67 : 1885. 

t For the composition and properties of elastin, vide B. H. Chittenden und 
A. 8. Hart, ZeiUchr./. Biolog,, Tol. xxv. p. 368: 1889. The earlier literature is 
hero quoted. 

§ Etzinger, loe. eit. Comparo also L. Morochowctz, St. Petenburger med, 
Wochenichr,: No. XT., 18S6; A. Ewold und W. Kiibne, Verhandlungen de§ 
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must mention an experiment made by HorbaczewBki * on 
a patient with gastric fistula. Powdered elastin in a small 
bag was introduced through the fistula, and was found to be 
partly dissolved in twenty-four hours. 

fuUwr.'hutar. med. Vereins zu Heidelbarg, N, JP*., toI. i. p. 441: 1877; and 
Chittenden nnd Hart, loo, cit, 

* J. HorbaczewBki, Zeittehr*/, phynol Chenu, vol. 6, p. 330: 1882. 
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FUBTHEB CONSIDERATION OP ORGANIC FOOD-STTTFFB — CABBO* 
HYDRATES AND FATS — SIGNIFICATION OF THE THREE MAIN 
GROUPS OF ORGANIC FOOD-STUFFS. 

We will now tarn our attention to two main groups of foods 
which offer a contrast to the two last mentioned, in being 
free from nitrogen and sulphur — the fats and the carbo- 
HYDRATES.* They agree with one another in being made 
up of the same three elements : carbon, hydrogen, and 
oxygen. But the quantitative composition is well known to 
be quite different ; the fats are much poorer in oxygen, and 
richer in carbon and hydrogen. Therefore the heat-equivalent 
of the fats is much the greater. 

The heat-equivalent of the organic substances cannot be 
exactly computed from the known heat-equivalents of carbon 
and hydrogen, because, of the amount of heat which is 
set free by the union of the oxygen with the carbon and 
hydrogen, a part is used up in the separation of the hy- 
drogen atoms from the carbon atoms, and of the carbon 
atoms from each other. This amount of heat may vary 
greatly in different compounds, because the atoms are more 
or less firmly combmed with each other, and varying amounts 
of heat are set free by their union. Metameric compounds 
are known to produce different heat-equivalents. Hence the 
heat-equivalents of foods have been determined by direct 

* Both here and in all subsequent remarks, a knowledge of the chemical 
properties of the carbohydrates and fats is presupposed, as these compoands are 
usually described at luffioient length in the text-books of organic chemistry. 
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calometric methods, first. by Frankland,* then by an improved 
method by Stohmann f and his pupil Bechenberg,^ lastly by 
Danilewsky § and by Buhner. H In the following table I give 
the values ascertained by the above-mentioned authors. By 
the side of each figure will be found the first letters of the 
author's name. The heat-equivalents of carbon, hydrogen, 
and of a few decomposition-products of foods, are also added 
to the table, for reference in future remarks. The unit of 
heat is that quantity of heat required to raise the temperature 
of one gramme of water V C. 

HeAT-EqUITALUTTS of OnB GBAMm OF SUBSTANCB BXPBB88KD IN 

Units of Hiat. 

Hydrogen F. and S.f . . . . 84462 

Steario ftoid, Gi.HjcO, Bch. .. .. 9886 

Ditto Bub. .. .. 9745 

Ditto F. anda .. .. 9717 

Beef fat D 9686 

Olive oil St 9455 

Pig's fat Bub. .. 9428 

Stearioacid St 9412 

Fat (human and animal), the average of a 

numberofapproximate figures, 9319-9429 St 9372 

Butter St 9179 

Charcoal F. and S 8080 

Ethylaloohol F. and S 7184 

Ditto Berthelot .. .. 6980 

Fibrin from plants . . . • . . D. . . 6231 

Hnmoglobin (hone) . . . . . . D. . . . . 5949 

Otoein D 5855 

Fibrin from blood D 5772 

Oasein from milk (three proparations, 

5754-5693X average St 5715 

Butyric acid F.andS. .. .. 5647 

Paraglobulin (from horse's blood-serum) . . 5634 



• Fiankland, PhOoi. Mag., vol. xxxii. p. 182 : 1866. 

t Stohmann, Joum. /. praM. Chein. N. F., vol. xix. pp. 115-142 : 1879 ; and 
LandwiHktehafa. Jdlith., pp. 531-581 : 1884. 

J von Beehenberg, Jowm, /. Tpraht. Chem\ N. F., vol. xxii. pp. 1-45, 223- 
250: 1680. 

§ Danilewsky, PflOger's Arch., vol. xxxvi. p. 237 : 1885. 

B Buhner, ZeiUchr, f. Bidog., vol. xxi. pp. 250, 337 : 1885. 

i FavxB and Silbermann, Ann, d. Chim. et d, Phys., t. xxxiv. p. 357 : 1852. 
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Orystallized albumen (from pumpkin-seed, 

prepared by GrQbler) St 5595 

Egg-albaroen (two preparations, 5556 and 

5597), average St 5577 

Succinic acid, G4H^04 Roh. . . . . 2996 

Ditto St 2937 

Uric acid FrenkL .. .. 2645 

Ditto St 2620 

Urea D 2537 

Ditto St 2465 

Fibrin horn blood (three preparations, 

5487-5536), aTeraj2:e St 5508 

Olutin (fh>m isinglass) D. . - .. .. 5493 

Peptone (prepared by Drechsel) . . . . D 4914 

Chondrin D 4909 

Peptone D 4876 

Starch. C^HjoO, Bch. .. .. 4479 

Erythrodextriu .. Boh. .. .. 4325 

Glycerine St 4305 

Cane sugar • D 4176 

Ditto, CjaH^O,, Bch. .. .. 4173 

Maltose anhydrid, C„H„0,, .. Bch. .. .. 4163 

Lactose anbydrid, C,,H2,Oi, .. .. Bch. .. .. 4162 

Cellulose (from Swedish filter-paper) ..St 4146 

Starch St 4116 

Cane sugar St 3959 

Lactose hydrate, Ci,H^O|„ H,0 . * . . Bch. . . . . 3945 

Dextrose anhydrid, CJB.ifi^ . . . . Bch. . . 3989 

Maltose hydrate, CisH^sOii, H,0. . .. BcK .. 3932 

Lactose anhydrid St 3877 

Lactose hydrate St 3667 

Dextrose anhydrid St 3692 

Dextrose hydrate, C^Kifi^ H,0 . . . . Bch. . . . . 8567 

Acetic acid F. and S 3505 

AspartWm >g^^^f.^*-^. St 3423 

Glycocoll .. St 8050 

Urea Frankl 2121 

Tartaric acid, C^'ELfi^ St 1744 

Ditto Bch. 1408 

Oxalic acid, C3EE304 . . . . Bch. . . 659 

Ditto St 569 

In the case of non-nitrogenous food, the same heat- 
equivalent is produced in our bodies as in the calorimeter, 
because the ultimate products are the same; but it is 
different in the case of food containing nitrogen. Nitro- 
gen is liberated in a free state from combustion in the 
calorimeter ; on the other hand, it issues from the decompo- 
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sition and oxidation of the body, as an organic compound, 
in union with a part of the carbon and hydrogen, and, in the 
case of man, principally as urea. The amount of urea which 
can be formed from the albumen, is about one*third of the 
weight of the albumen. In order, therefore, to ascertain the 
heat-equivalent of the proteid in our organism, we must 
deduct one-third of the heat-equivalent of urea from that of 
the albumen. But this figure would come out rather too 
high, because the nitrogen leaves our body not only as urea, 
but nartly as a compound containing both more carbon and 



ERRATUM. 
Page 70, line 7 from bottom of list, J<^ « Asparagin » teod " Aapartic acid. 



carbohydrates — as ••respiratory loouti witu tuc ^xvu^jauo c»o 
"plastic foods." He taught that the former served mainly 
to generate heat. At the present time we know that, in the 
work of muscle, the excretion of nitrogen is increased only in 
a slight degree, but that the excretion of carbonic acid and 
the absorption of oxygen is notably increased ; that therefore 
muscle works principally with material free from nitrogen. 
We know that a store of carbohydrates is to be found in the 
muscles in the form of glycogen, and that this store disap- 
pears during work. It thus appears that the carbohydrates 
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serve as the chief sources of energy in muscle.* The fats and 
the carbohydrates may replace each other, but only within 
certain limits ; they do not appear to play exactly the same 
part. This is proved by their simultaneous appearance in 
the milk of all carnivorsB, omnivorsB, and herbivorsB. It is 
further proved by the instinctive desire for the addition of 
fat to a diet however abundant in carbohydrates it may be, 
and the desire, on the other hand, for the addition of carbo- 
hydrates to the richest fat-diet. 

The fats are, at any rate, the most fertile sources of heat. 
Concerning the importance of animal heat in vital functions, 
we know, so far, that all chemical processes, as well as the 
interchange of force connected with them, and the functions 
of the body dependent upon them, are more intense at a 
higher temperature. The fact that the functions of the 
nervous system, and of the muscles especially, are performed 
more rapidly at a higher temperature, may be easily demon- 
strated, as is well known, on poikilothermic animals. 

It has not yet been ascertained which functions of the 
body are aided by the decomposition and oxidation of the 
large amount of proteid, which no other food-substance can 
replace. It is a matter of experience, that each person must 
be daily supplied with at least 100 grms. of proteid, in one 
form or another. If he eats less than this amount, he must 
use part of the proteid of his tissues, however large a quantity 
of fat and carbohydrates he takes as well.f The fats and 
carbohydrates can only act, in a certain degree, as substitutes 
for the proteids. 

* The question as to the source of muscular energy wiU be fully treated in 
Lecture XIX. 

t From numerous experiments recently communicated, it appears that, when 
a large amount of carboh\ drates is taken, much less than 100 grms. of proteid is 
almost, if not quite, suflScient to mRintain nitrogenous equilibrium. It is open 
to question, however, whether it would bo so, over a long period of laborious work 
and normal sexual life. Vide C. Voit, E. Voit und Gonstantinidi, ZeiUehr. f. 
Binlog., vol. XXV. p. 232 : 1888 ; Hirschfeld, VircIiow*a Arcft., vol. cxiv. p. 301 : 
1888 ; and Muneo Kumagawa, ibid., vol. cxvi. p. 370 : 1889. 
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We know, indeed, that the elements of our tissues which 
are rich in albuminous material, undergo, like all unicellular 
bodies, a rapid change of generations ; that increase, death 
of one part, growth and division of another, follow each other 
in uninterrupted succession. In the epidermis (the tissue 
most convenient for observation), we see the older cells con- 
tinually dying off and being replaced by the proliferation of 
under layers. The same process has been traced in the 
epithelium cells of the intestine and of certain glands. A 
glance at a section of bone shows that newly formed con- 
centric lamellsB are continually growing into the older 
system as it becomes absorbed. We shall see, when we 
come to consider the processes of absorption in the intestine 
(Lecture XII.), that the leucocytes also undergo rapid growth 
and destruction. Why should not the same thing be taking 
place in the tissues hidden from our observation ? 

But the material of the dying elements of tissues may be 
used up in the growth of the surviving cells. The necessity 
for a daily consumption of 100 grms. of albumen is incompre- 
hensible, so long as we do not know of any function of the 
body in the performance of which the chemical potential 
energies of the destroyed albumen are used up. 

As we know for a fact that albumen is the only one of 
the three main groups of food that cannot be replaced by any 
other, our choice and combination of the articles of diet must 
be regulated by the amount of albumen they contain. In 
the following table * may be seen the average composition of 
the most important articles of diet, arranged according to the 
quantity of proteid found in them : — 

, ♦ The numbers are taken from tlie work of J. Konig, ** Ghemie der mensehli- 
chen Nahrungs-und Genusbmittel," 2nd edit. (Berlin, 1882)» in which will bo 
found an exhaustive ojUeotiou of all former analyses. 
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TABLE I. 
One Hundred Grmb. of Pood in ▲ Natubal State contain— 



Proteld. 

0-4 

11 

2-0 

2-4 

33 

3-4 , 

8-0 
100 . 



Fats. 



Apples • . • • 

Oarrots 

Potatoes 

Human milk 

Cabbage (Tarious) 

Cow's milk 

Bioe 

Maize . • 

Wheat 120 

Egg-albumen » . ., . . 13*0 

Pat fish (eel) 130 

Pat pork 15-0 .. .. 37*0 

Yolk of egg 160 .. .. 320 

Pat beef 17-0 . . . . 26*0 

Lean fish (pike) 18*0 .. .. 0-5 

Lean beef 21*0 .. 1*5 

Peas 230 .. 18 



0-2 
01 
40 
0-7 
40 
0-9 
4-6 
1-7 
0-3 
280 



Carbohydrates. 
13 

9 
20 

6 

7 

5 
77 
71 
70 



58 



TABLE n. 
Cne Hundred Grmb. of Dried Surstanoe contain— 



Apples . . 
Potatoes . . 
Bioe 

Carrots . . 
Maize 
Wheat 
Human milk 
Cabbage . . 
Peas ,, 
Cow*8 milk 
Fat pork . • 
Pat fish ., 
Yolk of e^g 
Pat beef .. 
Lean beef. . 
Egg-^bumen 
Lean fish.. 



Proteld. 
2-4 
80 
90 
100 
11-0 
140 
18-0 
260 
270 
270 
280 
300 
330 
390 
890 
890 
900 



F«U. CArbobydrates. 


~^~ • • • < 


. 79 


OG . . 


. 87 


10.. 


. 89 


20.. 


. 82 


50,. 


81 


20.. 


81 


300 .. 


48 


50., 


. 56 


20.. 


. 62 


290 . . 


. 38 


710 . . 


, — 


670 . . 


— 


650.. 


— 


590 , , 




6 0.. 


— 


20.. 


, — 


2-5 . . 


— 


< ^ • 


* • i • 



In the following table we give the amoimt which it is 
necessary to eat of the yarious articles of diet in their natural 
undried condition, in order to convey 100 grms. of proteid 
into our bodies : — 
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TABLE m. 
One Hundred Ghms. of Pboteid are contained in — 
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25,000 grms. apples. 



9.000 


»» 


carrots. 


5,000 


t« 


potatoes. 


4,200 


»» 


human milk. 


8,000 


t* 


cabbage. 


3,000 


«» 


oow*8 milk. 


1,250 


«« 


rice. 


1«000 


i» 


maize. 


800 


»» 


wheat 



750 grms. egg-albumen. 



750 


»» 


fat fish (eel). 


650 


♦t 


fat pork. 


620 


»» 


yolk of egg. 


600 


»» 


fat beef. 


550 


»» 


lean fish. 


480 


1* 


lean beef. 


430 


« 


peas. 



In the following table we give the amount of dried articles 
of food which contain 100 grms. of proteid. 

TABLE IV. 
One Hundred Gems, of Proteid are contained in — 



4200 grms. dried applea 



1250 
1100 
1000 
900 
700 
550 
440 
370 



»» 



»» 



»t 



»» 



♦» 



»» 



•* 



»» 



*i 



»» 



»> 



>f 



»» 



«) 



370 grms. dried cow*s milk. 



360 


»» 




fat pork. 


330 


i» 




fat fish. 


300 


»» 




yolk of egg. 


250 


If 




fat beef. 


112 


»» 




lean beet 


112 


»» 




egg-albumen. 


110 


»♦ 


w 


lean fish (pike). 



potatoes. 

rice. 

carrots. 

maize. 

wheat. 

human milk. 

cabbage. 

peas. 

If we subtract 100 from the numbers given, we learn 
from this last table how much of the other solid constituents, 
especially carbohydrates and fats, we must consume in order 
to obtain 100 grms. of albumen. In the following two tables, 
these quantities are divided into carbohydrates and fats ; in 
Table Y. they are arranged according to increase of carbohy- 
drates, and in Table YI., according to increase of fats. 



TABLE V. 


1 




With 100 Gbms. of Pboteid wb take up ik— 




Carbohydrates. 


Fats. 


Cow»8milk 


. 140 .. 


. 107 


Oabbage . . 


. 220 .. 


. 21 


Peas 


. 230 .. 


7 


Human milk 


270 .. 


. 170 


Wheat 


. 580 .. 


14 


Maize . . . . 


. 740 .. 


46 


Carrots 


. 820 .. 


20 


Bice 


. 990 .. 


11 


Potatoes 


. 1090 .. 


8 


Apples 


. 3300 .. 
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TABLE VL 
With 100 Gbms. op Pbotkid we takb up in— 

Fats. Garbohydr&tet. 

Apples — . . S300 

Egg-albumeii .. .. 2.. .. — 

Pike 8 .. .. — 

J-jeftU D66I •• <• !•• •• ~~ 

Peas 7 .. .. 230 

Potatoes 8 .. .. 1090 

Bice 11 .. .. 990 

Corn 14 .. .. 680 

Carrots 20 . . .. 820 

Cabbage 21 .. .. 220 

Bioe 30 .. .. 1800 

Maize 46 . . . . 740 

Cow's milk 107 . . .. 140 

Fat beef 150 .. .. — 

Human milk ^ .. 170 .. 270 

Yolk of egg 200 .. .. — 

J^^n^k •• •• •« «s •• £i£A3 • • • • " 

Fat pork 250 .. .. — 

In forming an opinion from these tables, concerning the 
value of the different animal and vegetable foods, the following 
mast also be taken into consideration. The amount of 
proteid in most articles of food has not been accurately 
determined. The amount of nitrogen only has been ascer- 
tained, and from this the amount of proteid has been 
calculated under the supposition that no other nitrogen- 
compounds exist in food, and that all kinds of proteids 
contain 16 per cent, of nitrogen. Both assumptions are 
wanting in precision. The amount of nitrogen in the various 
proteids varies, as we have seen, from 15 to 19 per cent. 
The other assumption, that foods contain no other nitrogen- 
compound, holds good in the case of the grains of cereals 
and leguminosaB. But in most of the other vegetables, 
ammonia, nitric acid, amides, amido-acids, etc., are found 
in considerable quantities. In certain kinds of vegetables, 
the nitrogen of these compounds amounts to more than one- 
third of the entire nitrogen. 

It would also be a serious mistake to calculate the amount 
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of proteid from the amount of nitrogen in meat. This con- 
tains a considerable quantity of gelatin-yielding substances, 
which, as I have already pointed out, have a totally different 
action in nutrition to that of proteid. The gelatin-yielding 
substances of animal food may be regarded as more analo- 
gous to the carbohydrates of vegetable food than to the 
proteids. If, therefore, the nutrient value of meat and vege- 
tables be judged from the above tables, according to their 
relative amount of albumen, the value of the meat will be 
rated too highly, and that of the vegetables not highly 
enough. 

On the other hand, it must be remembered that animal 
food is much more completely absorbed than vegetable food. 
The capability of absorption of the proteid in different foods 
has of late been accurately tested by a careful comparison 
of the amount of nitrogen in the nutriment taken, with that 
in the faeces. It has thus been ascertained that the proteid 
of the meat almost entirely disappears. A considerable part 
of the proteid in milk reappears in the fsdces, and a still 
larger proportion is unabsorbed from vegetables. The 
following table gives the results of these experiments on 
the absorption of proteid ; they have all been carried out on 
human beings. 

PercenUge of 
Food. unabsorbed albamen.* Author. 

Beef (the same penon being experimented o^) j |!o [ • • Rubner.f 

Eggs 2-9 Rubner. 

2-9 1 
Milk and cheete (the same person) . . {4-9> Rnbner. 

37 



* These figures are rather too high, becanse the nitrogen in the fasces is con- 
tained, not only in the anabsorbed food, but also in tho products of metabolism, 
which are eliminated in the intestine. According to Rieder*s experiments with 
non-nitrogenous food, the nitrogen eliminated in the intestine amounts to 8 per 
cent, of the total nitrogen excreted under these circumstances. Zeitsehr. /. 
Biotog.j vol. XX. p. 478 : 1884. 

t Max Rubner, ZM<«cAr./.5t(rfog, vol. xv.p. 115: 1879; vol. xvi.p. 119: 1880; 
y<A. xix. p. 45 : 1888. 
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Food. 



PeroenUge of 
nnabsorbed Aftmmet. 

( 6 5] 



Milk* (four experiments on four different people}! ^,j 

I120J 

** Leguminose " (flour from leguminoB® and C 8*2 > 
cereftli) 1 10'5 ) 

Macaroni 11*2 

Maize 15*5 

Peas and bread 120—20*0 

Vennicelli 17*1 

Savoy cabbage 18*5 

19-9 
20-4 
222 

118-71 
20-7 
24-6 
257J 
n7-5> 
1 27-8 V 
305 
820 



Wheat bread 

Rice 

Rye bread 

White bread (the same person) 



Peas, shelled and well boiled (the same 
person) 

Whole wheat-meal bread 

Black bread (rye bread) 

Potatoes 32*2 

Harsford-Liebig bread 32*4 

Carrots (boiled) 39*0 

Lentils . . . . . . . . . . . 40*0 

Bran bread 42*3 

Lentils, potatoes, and bread 53*5 



Author. 
Buhner. 

StrCUnpell.t 

. . Buhner. 
. . Rubner. 
. . Woioechilo£$ 

Rubner. 

Rubner. 
. . Meyer.§ 
. . Buhner. 
. . Meyer. 

. . Buhner. II 

Buhner. 

. . Buhner. 
. . Buhner. 

Buhner. 

Meyer. 

Buhner. 

Striimpell. 
. . Meyer. 

Hofmann.l' 



If the above table be compared with Tables III. and IV., 
it appears scarcely possible that a man could take up, in 

* Concerning the absorbability of milk, see W. Prausnitz, Zeittchr,/. Biolog,^ 
vol. XXV. p. 533: 1889. 

t A. Strumpell, Deutsdh. Arch,f. klin, Med., vol. xvii. p. 108 : 1876. 

X Woroschiloff, Botkin's Arch., vol. iv. p. 1 : 1872 (Bnssian). Unfortunately, 
a very inaccurate account of this useful work is to he found in the BerL klin. 
Wochenschr., p. 90 : 1873. 

§ G. Meyer, Zeitschr,/. Bidog., voL viL p. 1 : 1871. 

II It is a pity that the careful and arduous experiments of Buhner were made 
on beer-drinkers, whose digestive organs are quite nn»uited to a vegetable diet 
In the experiment with white bread of the finest flour, the man drank one and a 
half litres of beer per day. Is the '* flatulent distension" in this case to be 
ascribed to the bread ? Neither could Meyer (loc. eit,, p. 18) leave off the beer 
during his experiments, hut took two litres a day ! Woroschiloff, who, during 
his experiments on himself, drank water only (loe, cU,, p. 28), completely used up 
the proteid of a vegetarian dietary, while at the same time he performed the 
most strenuous bodily and mental work, and yet preserved his nitrogenous 
equilibrium. 

^ Fr. Hofmann, *' Die Bedeutung von Fleischnahrung und Fleiaohconserven," 
pp. 11, 44: Leipzig, 1880. 
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"the form of vegetables, tlie daiJj amoimt of at least 100 grma. 
of proteid necessary to maintam the balance of nitrogen. 
The potato appears especially unsuited for this purpose ; 
5 kgrms. must be eaten in order to introduce 100 grms. of 
proteid into the stomach, but 7 kgrma. must be consumed to 
allow of the absorption of 100 grms. of proteid. English 
statisticians do in fact ehow that Irish workmen, who live 
chiefly on potatoes, eat on an average from 4 to 6"5 kgrms. 
each daily. This appears scarcely credible. The person 
experimented on by Rubner,* a powerful soldier, who was 
accustomed to take large quantities of potato when at home 
in the Bavarian Alps, could not manage more than from 
a to 8"5 kgrms,, although this monotonous form of food 
was prepared in various ways, with salt or with butter, with 
vinegar and oil as a salad, in the form of chips, or baked ; 
iind although the man was eating all day long. The potatoes 
he ate contained only 71'5 grms. of proteid, of which 23'1 
grms. remained unabsorbed. He could not, therefore, maintain 
liis balance of nitrogen, as he gave out more nitrogen through 
the kidneys than he absorbed from the intestines, thus using 
up the store of proteid in his tissues; i.e. he was gradually 
dying of hunger. A sceptical observer must, however, concede 
the possibility that many Irish labourers may consume 5 
kgrms. of potatoes and maintain their nitrogenous equilibrium. 
The difference in individuals is, of course, very great. 

I wish, further, to point out that such a diet can be better 
borne by adults than by children. Children have to build 
up their organism, and to form a large amount of proteid ; 
adults have only to maintain the previous store, performing 
their muscular work with the carbohydrates, of which a 
superfluity is introduced with a potato-diet. The frightful 
mortality among children of the lower classes is perhaps 
largely due to the want of albumen in their food. 

Among the more important articles of vegetable food, the 
■ Ilubner. loe. eil., vciL XV. p. UG. 



legumitioBS contain the largest amount of proteid. A diet 
of these, if properly prepared, maintains nitiogenotig equili- 
brium. This is shown by the eiperiments Woroschiloff • 
made upon himself. He lived for thirty daya entirely upon 
peas, bread, and sugar, while at the same time he performed 
8528 kilogrammeters of work per hour, for the space of one 
to three hours a day, and yet he showed no loss of albumen. 
The person whom Buhner t experimented upon, also kept 
his nitrogenous equilibrium on a diet of peas. 

K an exclusively vegetable diet proves insufficient, it is 
perhaps caused less by the nant of albumen than by the 
want of fat. If we glance at Table V. (p. 76), -we see that 
the relation of carbohydrates to albumen is the same in a 
diet of legnminosffi and cereals as in milk, with the difference 
that the former contain much less fat than milk does. We 
should hence, a pr'toH, expect to find that a man could exist 
very well upon cereals and leguminosfe, with the addition 
of fit, or perhaps even upon cereals and fat only. Milk ia 
the normal food of the infant, not of the adult. The adult 
requires, as I have just explained, relatively loss albumen 
and more carbohydrates. We might, therefore, conclude that 
the normal food of the adult would he furnished by the 
proteid and carbohydrates, in the proportion met with in 
the cereals, and that this diet would only require the addition 
of fat. This theory apiiears to be confirmed by experience. 
The labourers in some districts of Bavaria, who do the 
hardest work, are said to live upon a diet prepared from 
flour and lard.t This mode of living would be the ideal 
of vegetarians § if the fat were likewise obtained from the 

• WoKwchiioff, Joe. cU. t Rubuer, Ux. cU., vol. iti. p. 125; 1880, 

; U. Kanke, "Die l«<rr. Lnni^nltlliBphaft in deo letzCen 10 Juhren- Fest- 

gnbc," etCT p. 160: Miiufhen, 1872; Liebig, " SiliangBber. d. bayr. Aknil,,'* 

)). 163: 1869; Redeo aud Abhand., p. 121. Compare nlso Oblruuller, ZHUehr. /. 

Jllolog.. TOl. XX. p. 393 ; 1884. 

§ I have published b delalled critioisai of vegetarian urn iu a email pampblel, 

" Vegetamnunu" (BerliD, HirachmLld: 18g5J. 
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vegetable kingdom, in the form of oil, olives, nuts, cocoa. 
From investigations made by Panum and Biintzen, it appears 
that even a carnivorous animal can be nourished on cereals 
and fat; a dog which was fed exclusively on groats and 
butter could be kept in good health for two months without 
loss of weight.* Unfortunately, this experiment lasted much 
too short a time. 

The fat of all food is very completely absorbed, t far more 
so than the proteids. The same is true of all carbohydrates,! 
with the single exception of cellulose. This was held to be 
totally indigestible until quite recently, when it was proved 
by experiments on ruminants § at the farm-stations kept 
for investigations, that from 60 to 70 per cent, of the woody 
fibres disappear from the digestive canal. At the experi- 
mental farm of Tharand,|| it was even found that from 80 to 
40 per cent, of the cellulose of sawdust and paper was 
absorbed, when mixed with hay and eaten by sheep. Weiske IT 
was the first to make experiments on human beings, which 
he carried out on himself and on another. He found that 
one of them digested 62*7 per cent., the other 47*3 per cent., 
of the woody fibres in the food, which consisted of carrots, 
cabbage, and celery. Later on Enieriem ** made experiments 
on himself, and found that he digested 25*3 per cent, of 
the tender woody fibres of lettuce, while only 4*4 per cent. 
of the tougher fibres of the scorzonera. The latter figure is 
within the limits of unavoidable error. How cellulose under- 
goes solution in the intestines, we shall explain further on, 

• JdhreAerichi uber die ForUehritte der Thierchemie^ vol. iv., of the year 1874, 
p. 365: Wiesbaden. 1875. 

t RubDer, loc. cit., vol. xv. p. 189. J Rubner, loe, cit.^ p. 192. 

§ Uaubner, Zeitschr. fur Landwirthschaftj p. 177 : 1855 ; Uenncberg and 
Rtohmann, BeitrSge lur Begrundung einer rationellen Fulterung der Wiederhauer^ 
Hefti.: 18G0; Heftli.: 1863. 

Q •* Der chemische Ackeremann," pp. 51, 118 : 1860. 

t H. WeUke, Zeitschr. f, Biolog,, vol. vi. p. 456 : 1870. 

• • V. Knieriem, *• Ueber die Verwerthung der Cellulose im thierfschcn Organ - 
ismns. Festschrift : " Riga, 1884. Also printed in the Zeitschri/t /. Biolog,, 
ToL xxL p. 67 : 1885. 
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when we come to the consideration of the digestire pro- 
cesses. 

Cellulose can scarcely be classed among the food-aiib- 
stances of linman beings. On the other hand, it is of great 
importance in acting as a mechanical stimulus to promote 
the peristalsis of the intestine. For this reason cellulose 
is absolutely essential to animals with a long intestinal tract. 
If rabbits are fed on a diet containing no cellulose, the onward 
movement of the intestinal contents ceases, inflammation in 
the intestines ensues, and the animals rapidly die. But if 
hom-parings be added to the same food, nutrition is normal.* 
These horn-parings are, as Knieriem proved by experiments 
devoted to that purpose, absolutely undigested, and can 
therefore only have taken the place of woody fibre in so far 
as its mechanical properties were concerned. Of three mice, 
fed entirely on mills, one died after forty-seven days, of intus- 
susception, as dissection showed.f 

The following are the details of a post-mortem examination 
of a rabbit which had died for lauk of cellulose: "The 
stomach only contained mucus, and showed signs of incipient 
inflammation in the region of the pylorus; the small intes- 
tine, full of mucus, was much inflamed throughout its whole 
length, as was also the crecum. The latter was largely filled 
with excrement of the consistency of putty, which adhered 
firmly to the walls and folds of the ciecum. The difference 
between these contents and those of the ciecum of a normally 
fed rabbit is very noticeable, fur here the mass in the csecum 
is pretty loose, falling almost completely away if the intestine 
be bent backwards, and this loose consistency is caused only 
by the tough fibres, by means of which the communication 
between the anus and the stomach is kept open. This could 
hardly have been the case in the animal which died." } 

• KDieriem, lor..eH., pp. C, 17-19. 

t N. Lunin, " Uober dio Bedeutung- der BnorganiBcIien SbIzb filr djo EniLb- 
rung Ae% Thieres," p. 15, Uimoti. -. Duriutt, 1S80. Aluo printud in Ibc ZttUdir,/. 
phyeioi. Clum.. vol. v. p. !i7 ■ 1881. 

I Koieriem, loc. eit., p. 17. 



IMPORTANCE OF WOODY FIBRES. ^3 

The Bhort intestine of camivora does not requiie a 
mecbaDical Btimulua to produce peristaltic action. The 
intestine of human beings is well known to be of medium 
length ; a man's life, therefore, i8 not endangered by depriva- 
tion of cellnlose, although the normal movement of the 
intestine might be thereby impeded. The muscular wall 
of the intestine becomes atrophied like every other muBcle, 
if it has no work to do. We must therefore see that the diet 
of human beings does not lack woody fibres. The excessive 
fear of indigestible food which prevails among the wealthier 
classes may lead to universal debility of the inteEtinal 
muscnlar walla. Habitual constipation would perhape not 
be each a common trouble, if we were accustomed from our 
childhood to a dietary containing a sufficient supply of woody 
fibres. Of late years whole-meal bread, which is rich in 
cellulose, has been a successful remedy for chronic constipa- 
tion. It is well known that an exclusive milk-diet may 
oocasioQ constipation. 

On the other hand, it is urged that the rapid and continual 
movement of the intestinal contents in consequence of the 
irritating action of the woody fibres has one drawback — the 
incomplete utilization of the food. Fr. Hofmann showed 
that the addition of cellulose diminishes the nutritive value of 
meat." At the same time, it appears to me that the advantages 
of food containing cellulose far outweighs the drawbacks. 

The following table shows the amount of cellulose con- 
tained in the most important vegetables used as food by man ; 
from a dietetic point of view this is not without interest. 
Peucbntiok or Cellclobe in tabiocs Articleb or Diet m i 

NATtinXL 8T*TB.t 

CrllQllHH. Wutt. 

KoaOooi 0-'.; .. ]:j'0 

Wlieot flour (fine) OH .. ViO 



" Vdl, Siimngiber. derbmjr. Akad. : DoMmber, 1869. 

t Tbe aTnsge flgnre, Ukea from KoDig'a vork [ireviouslj quoted. 
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Cellulose. Water. 

Rice 0-6 .. .. 13-0 

Onion 07 .. .. 86*0 

Potato 0-8 .. .. 75-0 

Cauliflower 09 .. .. 91-0 

Asparagus 1*0 . . . . 94*0 

Carrots 10 .. .. 890 

Melon .. 11 .. .. 90-0 

Mushroom 1*4 .. .. 91*0 

Rye meal 1*6 . . . . 140 

Apple (including pips) 1*5 . . . . 85*0 

Radish 1*6 .. ..87*0 

Cabbage 1*8 .. .. 900 

Green peas 1*9 .. .. 78*0 

Rye 20.. . . 15*0 

Strawberries 2*3 .. .. 88*0 

Maize 2 5 .. .. 130 

Wheat 2*5 .. .. 140 

Horseradish 2*8 .. .. 77*0 

Lentils 30 .. .. 12*0 

Hazel-nut 3*3 . . . . 8*8 

Beans 3*6 .. .. 14*0 

Grapes (including pips) 3*6 . . . . 780 

Pears (including pips) 4*3 . . . . 83*0 

Barley 5*3 .. .. 140 

Walnut 6-2 .. .. 4*7 

Almonds 6*6 . . . . 5*4 

Raspberries 6*7 . . . . 86*0 



Pebcemtage of Cellulose in Dbibo Abtioles or Diet. 



Cellaloee. 

Rice flour 0*2 

Wheat flour (fine) .. .. 0*4 

Rice 0*7 

Rye meal 1*8 



Rye 

Wheat 

Maize 

Potato 

Hazel-nnt 

Lentils 

Beans 

Onion 

Barley 

Peas 

Walnut . 

Almond . 



2*4 
2*9 
2*9 
3*1 
34 
41 
4*1 
50 
6*2 
6-4 
6*5 
6*9 



Spinach . . 

Green peas 

Carrot 

Apples 

Radish 

Horseradish 

Cauliflower 

Cucumber 

Mushroom 

Asparagus 

Cabbage . . 

Strawberries 

Melon 

Pears 

Raspberries 



Cellaloee. 
8-1 
8-7 
8*8 
100 
12*0 
120 
130 
14 
160 
170 
180 
19-0 
22*0 
25*0 
470 



The amount of carbohydrates and fats required for our daily 
nutrition cannot be determined, as they may either replace 
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each other or be replaced by albumen. Experience has 
taught us that working men who are able to obtain sufficient 
food, eat daily from 50 to 200 grms. of fat, and from 800 to 
800 grms. of carbohydrates, besides from 120 to 150 grms. of 
albumen. Tables V. and VI. (p. 76) show us how we can 
combine such articles of nutrition in the most varied ways. 
The food must be more abundant in carbohydrates in pro- 
portion to the work performed by the muscles, and more 
abundant in fat according to the lowering of the surrounding 
temperature. Travellers in the far north relate that they 
were glad to adopt the habit, prevalent among the natives in 
those regions, of eating a pound of butter or oil in the day, 
and that the distaste for large quantities of fat returned as 
soon as they reached warmer climates. On the other hand, 
the negroes in the plantations of the tropics, while doing the 
hardest muscular work, thrive on a dietary poor in fat, but 
very rich in carbohydrates. 
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LECTURE VI. 

CONCLUSION OF OaOANIC POOD-STUFFS — THB COMPOUNDS OF 

PHOSPHORUS AND IRON. 

In the previous chapters we have become acquainted with 
those organic substances which, according to the doctrines 
of physiology now prevailing, are requisite for the nutrition 
of man. But they are probably much more numerous. 

Certain phosphorus cobipounds should also probably be 
regarded as essential organic food-substances of man. In 
all Jfcimal and vegetable tissues, and in every cell, we find 
tlS^plex organic compounds, which are very rich in 
phosphorus, lecithin and nuclein. 

The lecithins are compounds which we may regard as 
having been formed from the union of one molecule of 
glycerine with two molecules of a fatty acid (stearic acid, 
palmitic acid, or oleic acid), one molecule of phosphoric acid 
and one molecule of neurin, with the loss of four molecules 
of water. The constitution of this complex molecule has not 
yet been accurately determined ; it is possible that there may 
be several isomeric combinations of the above constituents.* 

Neurin is an ammonium base, the composition of which 
is accurately known. When heated, it splits up into glycol 
(ethylene alcohol) and trimethylamin. Its synthesis corre- 
sponds with this decomposition : Wurtz t produced it by the 

* Vide Diakonow, CerUralb.f. d. med. Wisienscht Nos. 1, 7, 28: 1868. Hoppe- 
Seyler, Med. chem. Untert,, Heft ii. p. 221: 1867; and Heft iii. p. 405: 1868; 
Strecker, Ann, Chem. PJiarm., vol. cxlvili. p. 77: 1868; Hondeshagen, **Zur 
Syothese des LecithinB,'* Inaug. Dissert. : Leipzig, 1883. 

t Wurtz, ilnn. Chem. Pharm.^ Suppl. vi. pp. 116, 197: 1868. Compt. rend., 
t. \xv. p. 1015 : 1867 ; and t. Ixvi. p. 772 : 1868. 
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action of ethylene oxide and water on trimetbylamin. 
formula of neurin ia therefore — 

/CH, 

[CH3 

nJcHs 

CHj CHjOH 

\0H 

In the animal kingdom, netirin has, up to the proBeut time, 
only been found in lecithin. It was first obtained by 
Strecker • from the bile, which contains lecithin, and hence 
it was called cholin. Liebreiehf found it among the pro- 
ducts of decomposition of phosphorus compounds from nerre- 
Bubstance (brain) ; he therefore called it neurin. Diakonow 
showed that neurin was a product of decomposition of 
lecithin. In the tissues of plants, neurin is foimd in other 
combinations as well as in lecithin. In mustard seed there 
is an alkaloid (sinapin) which, on boiling with alkalies, is 
resolved into sinapic acid and netu-in. Two alkaloids have 
been obtained by Scbmiedeberg and his pupils J from the 
Amaiiifa wiiwcana— amanitin and musoarin, the former of 
which was found to be identical with neurin. The latter, a 
violent poison, differs from amanitin only in possessing one 
more atom of oxygen. In fact, by the action of boiling nitric 
acid on neurin (the neurin being taken indifferently from 
amanita, from the lecithin of the brain or of yolk of egg, as 
well as that sjnthetically produced), an alkaloid containing 
one more atom of oxygen was successfully obtained, which 
acted poisonously in a similar manner to muscarin; the action 
on the beart, in particular, being alike in botb cases. This 



• SlrecJter, Ann. Chem. Phorm., vol. c 



i. p. 353: lSe2; toL oxtviiL p. 76: 



t LiebteiPh, ibid.,«il, pxxxiv. p. 39: 1865. 

t Scluuiedeberg ami Eoppe, "Das Muxkoriti, dM glfUgo Attaluid dea 
Fliegeupllzea:" Leipzig. 1669; R Homnck, Areh. /. exprr. Falh. a. Pharm., 
vol. i*. p. 16S: 18T5; Schmieilebers and Hunack, Arch. /. exptr. Path. a. 
PtuKm., toI. iri. p. 101 : 1878. 
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intimate connection between a substance contained in every 
animal and vegetable cell and a powerful poison, is a fact 
of great interest. According to the more recent researches 
of Boehm,* however, the musoarin, artificially produced by 
oxidation of neurin, is not identical with the muscarin in 
the amanita, but is isomeric ; the pharmacological action is 
different. Boehm found neurin in other fungi, and obtained 
it in large quantities from the residue of crushed cotton 
seeds and beech-nuts. 

Lecithins have, in common with fats, to which they are 
so nearly allied in composition, the property of solubility 
in alcohol and ether; they are also misciblfe in every pro- 
portion with fats ; but at the same time, they have the power 
of swelling and becoming slimy in water. For this reason, 
they appear to be peculiarly adapted for aiding the inter- 
action of watery solutions and substances not soluble in 
water, and to take part in the most various chemical pro- 
cesses in the tissues. But at present we know absolutely 
nothing about the part which the lecithins may play in any 
of the vital functions. 

The next question which must occupy our attention is, 
whether the lecithins of our tissues are produced from the 
lecithins of food, or by synthesis from other materials, 
such as fat, albumen, and phosphoric acid. It has been 
ascertained, from experiments in Hoppe-Seyler's laboratory,t 
that, in artificial pancreatic digestion, the lecithins take up 
water and readily split up into glycerinphosphoric acid, fatty 
acids, and neurin. It is not yet known whether this decom- 
position is complete in the case of normal digestion, or 
whether a portion is absorbed undecomposed, and, if so, 
how large a portion ; whether only the undecomposed part, 
when absorbed, can be utilized in the building up of the 
tissues, or whether the products of decomposition which are 

• Boehra, Arrh.f. exper. Path u. Phnrm.y vol. xix. p. 87: 1885, 
t A. B<5kay, Zeitschr. f, p'yfiol. Chem., vol. i. p. 157 : 1877. 
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ftbsorlied again boeome united; whether, finally, lecithin 
may also he formed from other material. The absorption 
of lecithin or of its products of decomposition is in any case 
complete ; neither lecithin nor glycerinphoBphoric acid can 
ever he found in the fajces. The preHsnce of lecithin in 
milk* seems to show how essential that substance is in 
nutrition. 

The generic name of NCCLEiNt has been bestowed upon 
a large number of very different organic phosphorus com- 
pounds, which are to be found in all animal and vegetable 
tissues, being especially abundant in the nuclei of cells, 
The nucleina have as yet been little investigated, and we 
have no proof that the pure substances hitherto isolated 
are chemical entities. All are alike in being insoluble in 
alcohol, ether, water, and dilute mineral acida, and in being 
soluble in alkalies. The phosphorus is given oif from them 
all, as phosphoric acid, on boiling with water, and mora 
rapidly so, on boiling with alkalies or acids. But the organic 
substances which are combined with the phosphoric acid 
appear to be of very varying character, and have been but 
little investigated. Most uucleins are proteid compounds, 
although a few do not contain albumen. Many, on sphtting 
up, produce hypoxanthin and guanin — crystalline compounds 
rich in nitrogen, which we shall describe more at length 
"when we consider the chemistry of urine. The preparations 
of nuelein, hitherto analyzed, contained from 3-2 to 9*6 per 
cent, of phosphorus. 

The nucleins have much the same solubility as proteids, 

• TnlmatacheS*. 3fei. cftCTn. Untert., von Hoppe-geyler, Heft ii. p. 272 : 1867. 
t TliB nucleina were flrat digeovered and ioveetigated by Miegcbra' in tlio 
nuclei oF jiiu-cnrpoMlea, tmd aubtequeotly in tlie yolk of egg and ulmoD-Too 
iMed. s&cni. Vulen., edited by Eoppe-Seyler, Heft ir. pp. 441, 502: 1871: 
VgrhaniUungen dar aaturfortchmdeti OetdUeka/t cu Bawl, rol. vi. p. 1:18 : 1874), 
The most reoant end oomplete Bspeiinienta on nucleina were made by Koaael, 
ZaUehr. /. phyAA. CAem, vol. iU. p. 281 : 1879 ; rol. iv, p. 290 : 1880 ; vol. ». 
pp. IS2, 207 ! 1881 ; " Unleraudmngen Uber dru Niicleine ; " Slramburg, ISai ; 
&««Af,/. jiftjwiol. Cftew, vol, ri, p, 422: 1882; vol. rii.'p. 7 : 1B62. 
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and are found united with these in the same morphological 
fltractures, but they can be separated by artificial gaatrio 
digestion (Leeturea IX. and X.); the proteids are peptonized; 
the uucleins, on the other hand, are little affected by the 
gastric juice. It appears that the nucleins mostly occnr in 
the tissuea, not in a free state, but as compounds with 
albumen (nucleoatbumens), and perhaps also with lecithin, 
and that gastric digestion sepai-ates them from these bodies. 

We know nothing concerning the import of nucleins in 
any vital functions. 

Whether the nucleins of our tissues arise from the nucleins 
of food, in which case the nucleins would rank among the 
number of essential food-substances, or whether the nucleins 
are' formed in the body by synthesis, is a question of great 
importance, about which as little is known as concerning 
the mode in which the lecithins originate. The occurrence 
of nucleins in milk ' seems to point to the former supposition 
as the correct one. whereas the slight digestibility of the 
nucleins would lead us to the latter conclusion. The experi- 
ments carried out in Hoppe-Seyler's laboratory t showed that 
nuclein is aa little affected by artificial pancreatic, as by 
artificial gastric, digestion. Nuclein was found in abundance 
in the fteces of doga. A quantitative determination of the 
comparative amounts of nuclein in food and in the faaces 
has not yet been made, and it is therefore not yet known 
whether the nucleins are absolutely indigestible, or whether 
a part, and, if so, how much, is absorbed. 

The following observation, made by Miescher t on Rhine 



* Naolein wns proved to be a oooatitaeDl of milk by Lubavin (Hoppe-Seyler's 
Mtd. etuim. U»terii., Heft iv. p. lOii : 1871: Ber. d. dmUch. diem. Get., vol x. p. 
2237 : 1B77 : aud vol. lii. p. 1021 : 1679). HammaisteD showed tliat naclein \a 
coDtuini^ in milk a» DUolwalbumen {ZeiUchr. f. phijrioi Chem., vol. viL p, 227 '■ 
1883}. 

t Bdkaj, ZeittchT.f. phytiol. Chem.. vol. i. p. 157 : 18T7. 

t Miesohei, " £tatlt.tuicbii n. biolugigrhu Buitrage zur KcDDlnitiB Tom Leben 
dta Blieiiilacbw9," Sepanitabdiuclc aiu da M.liwtiz<.'tLDheiL LitecaturBOtumlmie 
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salmoQ, proves that the nucleins as well as the lecithins 
arise in the aniina] body by Byntbesis. The Balmon travel 
up the river every year from the aea to Epawa in the Upper 
Bhine. Daring the journey, the ovary grows from 6-4 to 
19'27 per cent, of the salmon's entire weight. These joumey- 
ings last from four to fourteen weeks. During the whole 
of this time they take no food; the intestinal canal is always 
found empty. The material which goes to form the ovaries 
can only be produced by the muscles, which constitute the 
bulk of the fish's weight, Mieseher showed by comparative 
determinations, made on lish of equal size, that the muscles 
disappear in proportion as the ovaries develop, and that the 
loss in weight of the large lateral trunk-muscles is sufficient 
to cover the increase in weight of the ovaries. Now, the 
ova are very rich in lecithin and nuclein; the muscles, 
however, are poor in these compounds. But the muscles 
contain phosphoric acid in abundance in another form, 
probably as potassium salts, looBely united with proteids. 
Mieseher therefore concludes that the new compounds, 
characteristic of the egg, are formed from the proteid, the 
fat, and the phosphates of the muscles, a profound chemical 
rearrangement taking place. 

Perhaps oholestesin also belongs to the organic food- 
staffs essential to man. Like the lecithins and nucleins, it 
is a normal constituent of all vegetable and animal tissues 
and of milk.' Neither do we know whether cholesterin is 
formed only in the plant, and enters the animal body either 
directly, in the form of vegetable food (in the case of herbi- 
vora), or indirectly (in the ease of carnivora), or whether it 
is formed from other material contained in the animal body. 
Cholesterin is, like lecithins and fats, insoluble in water, and 



HIT ioteniatioDnleii Fisobeiei-AuaglijUung io Darlin, p. 183: 1880: aod Areli. 
r /- -Inul. u. PhytinL : 1881 ; Anat. Ablh., p. 193. 

• Tolmntsclitll; Med. chcm. Unten,, von Hoppe-Scyler, Hetl ii, p. 272 : 1887 ; 
And Sdmudt-Millhetm, Pflliger'a Areh., vol. six. p. 384 : 1883. 
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soluble in ether and alcohol, but is distinguished from them 
by its insolubility in boiling potash ; it cannot be saponified, 
as it is not an ethereal salt, but a monohydric alcohol with 
the composition CaH,iOn + HjO. The chemical constitu- 
tion of this compound is not known. We are still in com- 
plete ignorance concerning the physiolo^cnl signi&oauce of 
cbolesterin. 

Finally, there are certain compounds of mos, which belong 
to the food- substances necessary to man. 

The body contains no small amount of iron. From the 
ash of whole animals, I have found ■ the following quantities 
of iron per kilogramme of body-weight : — 

Young rabbit, 14 dnjs uld . , . . . . 0044 grm. Fe. 

YooD^ cat, 19 tiaya old 0047 ., ., 

If we assume the human organism to contain the same 
proportion of iron, & body weighing 70 kgrms. would have from 
S'l to 5*2 grms. of iron. The greater part of the iron in our 
body 18 contained in the blood, in the form of a complex 
organic compound, hiemoglobin. Our body contains, accord- 
ing to BischofTs f determination, from 7*1 to 7'7 per cent, of 
blood; and the blood, according to C. Schmidt.J from 0-0411 
to 0051 per cent. Fe, and this almost exclusively as hemo- 
globin. The amount of other combinations of iron in tbt' 
blood is relatively very small. Hence it is computed that the 
quantity of iron in the blood of a man weighing 70 kgrmt^. 
is from 2"4 to '2'7 grms. 

We now arrive at the consideration of the question as to 
how the hemoglobin of the blood is formed. The food of 
most vertebrates contains no hamoglobin, which is com- 
pletely absent from the food of all berbivora. Moreover, it 
18 absent &om the food of those carnivora which feed ou 

• BanBe,ZeiUehT./.Siiilug.,ml. x. pp. 8iy-323: 1874. 

t Th. L. W. BiDchoff, ZeiUdiT. /. Wuaemeh. Zoelog.. toI. vii p. iJ31 : 1655 : 
andvol. ix.p. 65: 1857. 

1 C. Scbmidt, "CliurakterittikdetepidciuischeiiClioleiB,'' tp.30,33: Ldipsig 
and Mitau, 1830. 
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invertebrate auimala, traces of hasmoglobin being found only 
in a very few invertebrata.* Therefore, the carnivora wbicb 
live on vertebrates are almost the only animals which intro- 
duce hEBmoglobin into their digestive canala. But even here 
it ia probable that the hffimoglobin is not formed from the 
htemoglobin of the food. Hemoglobin splits up rapidly under 
the action of the digestive ferments, the iron separating as 
btematin. It is not known whether a part of the hfematin 
becomes absorbed, as no quantitative eiporiments have yet 
been made to decide this point. In any case, hcematm 
appears abundantly in the fieces after a diet containing a 
quantity of hsemoglobin. 

How, then, is the hmmoglobin formed ? 

As inorganic salts of iron were found in the ash of all 
articles of food, it was concluded that the iron was contained 
in our food as a salt, and it was taught that htemoglobin arose 
by synthesis from an iron salt and albumen. This opinion 
was strengthened by the succeBs thought to be attained in the 
treatment of chlorosis with inorganic preparations of iron. 

^B- satisfactory scientific proof of the eflicacy of iron as 
a cure for chlorosis has tfBt been afforded. Chlorosis is well 
known to bo a malady which frequently disappears without 
medical aid. Proof that a deficiency in hEemoglobin is more 
rapidly cured by giving preparations of iron, could only 
be furnished by statistic».t But -aa rehahle and satisfactory 
material for statiatica baa yt^ been collected ; in fact, it would 
be a very difhcult matter to do so, as the malady is seldom 
treated in hospitals. Quite recently it was thought possible 

• E. Ray Lanbealer, Pfliiger's Arch.. Yol. if. p. 815 : 1S71 ; and Ptwvedingi of 
bog. Soc„ No. HI, p. 70: 1872. 

t In tilia oonnecaon, read C. LiebennsiaiOT, " Ueher Wftliraoheinliuhkeitgrech- 
noDK in Anwetiiltiiig nnf therupautische StatUtik," in R, Viilkniann's Sammtung 
hliniteher Vortrdge. No. liO: 1877; Ed. Hageubiioh-UiBchoff, " Die Anwandung 
der WBlmcheinlichkeitsreiihnane aur die therspeutische Statistik tind die 
StatiBtik iiberhaupt," FerAundl. d. naturfonehenden Get. in Batel, th. G. Ueft ili 
p. aie ! 1878 ; A. Fiok, " Midioinisohe Pbjsik." LraunBchwaiR : 1883 ; Anbang : 
"DeberAnwendiingdetWiiUtsvliBinliclikeitaiecbDaDjfaarmediaiiiiaahe BlBtitUk'* 
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to trace a closer causal connection between the intenittl 
adminifltralion of preparations of iron and the increase of 
hemoglobin, by counting the blood ■ corpuficlea before and 
after the iron was talfen, or by photometrically estimating 
the amount of heemoglobin in the blood. But it is overlooked 
that in this way only the post )wc, and never the propter hoc, 
can be proved," The post hw may be more readily and 
more simply recognized by the increased redness of cheeks, 
ears, and gums. The propter hoc can only be proved by 
etatietics, and these have not yet been furnished- 
It is, nevertheless, noteworthy that there are few remedies 
of the efficacy of which almost all physiciana are so firmly 
convinced, as of that of iron in cases of chlorosis. Nor is 
it one of those remedies which are recommended one day, 
considered infallible the next, and forgotten again in a short 
time. The administration of iron is as old as the history of 
medicine itself. Even those sceptics who doubt the value 
' of all other drugs believe in it, and assure us that chlorosis, 
I which is frequently of so obstinate a nature, will almost 
I isvariabl; yield in a few weeks to a vigorous treatment with 
I iron.t 

Even if we acknowledge that there is a causal connection 
between the internal administration of preparations of iron 

' It mart, moreover, bo Fonaidered that the incieaae or dimination of the 
absolute amount of iUGmnglobiii in the tutal blood (lao nevor be determined by 
oatiuatca of the quantity of h>Bmi>)clobin in a, nilnnte ijiiHiitilf of the blood. 
Tbere ninj be the same sbsmlute uoount of blood -corpuscles, nod yut their number 
may vary grenlly in the miprosmpio quantity, bocwiiae the contwils of Ihu whole 
VMColar tysteui urewnBtautly undergoing very conaidersbli: fluPtnatioDs, whereby 
B put of tlie phiaioa Sows l>ackiT&rdB and forwarda from, tbe vascular eyvtem into 
the lymph-Bporea. The relative proportion of the blood-oorpusclea to tho plasnu 
may be nltfred without any chauge in tbo absolute amount of corjiueoleB in tbe 
vcasels taking place. Com|>are Andreeaen, " Ueber die Uraichcn der Svhwuti- 
kuiiKGD im VGrb&ltniaa-lerrattieu Blutkorpifraben turn Piasmu," Disdert.; Dorpnl. 
1883. 

t It mtitt be giaiilsd that it would be quite possible for an unprejadioed 
observer, with h good uiciuory, to colleot ample materiul for atutietica, and to 
draw Fmm Ilium correct and logical concIOBiona, without having publiilied a 
atatUtioal proof, lu ulbur pmclioal departmenta which Lave to do with the 
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and the increase of hsemoglobin in chlorosis^ it still remains 
an open question whether the connection is of so direct and 
simple a nature as is usually imagined. Do the preparations 
of iron really produce the material for the formation of 
hsemoglobin ? Or does the iron operate indirectly, by helping 
on the formation of hsemoglobin, or by hindering its destruc- 
tion? 

The theory that the preparations of iron are used in the 
formation of haemoglobin is open to the following objections. 

In the first place, we do not know whether the inorganic 
preparations of iron are in any degree absorbed. Most 
careful experiments were made by Hamburger/ on a dog, 
in order to decide this question. A biliary fistula was first 
formed ; but, unfortunately, the attempt to collect the bile had 
to be abandoned, because it would only flow spasmodically, 
and the fseces were not free from bile. The dog, which 
weighed 8 kgrms., was given 300 grms. of meat a day, con- 
taining 15 mgrms. Fe. It had thus taken 180 mgrms. Fe in 
twelve days, the duration of the experiment. Of this amount, 
88*4 appeared in the urine, 136'3 in the faeces, and 1*8 in the 
bile ; altogether 176*5 mgrms. During the subsequent nine 
days, 49 mgrms. Fe, in the form of sulphate of iron, were 
added to the previous diet. At the end of these nine days, 
the first allowance of meat was resumed for four more days. 
In the thirteen days, therefore, 195 mgrms. were taken in the 
meat, and 441 as sulphate of iron; altogether 636. The 
quantity excreted amounted to 58*4 in the urine, 549*2 in 
the faeces, 0*8 in the bile ; altogether 608*4. 

The increase of excretion in the urine is very inconsider- 
able. Before the sulphate of iron was given, the average 

intricate phenomena of life — such as farming, landscape gardening, the rearing 
of cattle, hunting, fishing — thousands of observations are, as a matter of fact, 
made in this way, and subsequently confirmed by science. On the other hand, 
in science we are fully justified in not accepting a conclusion until the grounds, 
upon which that conclusion is based, are laid before us. 

* £. W. Hamburger, Zeitschr. /. physioL Chem,, vol. iL p. 191 : 1878. 
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daily excretion of iron in the nriQe amounted, daring the last 
BIX days, to 3'6 mgrms. Thie quantity remained unaltered for 
the first five days after sulphate of iron was given; during 
the next six days it increased, on an average, to 2 mgrms. 
a day — altogether, therefore, to 12 mgrms. — after which it 
returned to the normal amount. In a second experiment, 
carried ont in the same way. Hamburger obtained a like result. 

The differences between supply and discharge do not 
justify any conclusion, as they are exposed to unavoidable 
sources of error in experimentatiou. Neither can any decisive 
deduction be drawn from the small increase of excretion in 
the urine. It is noteworthy that in both experiments, the 
slight increase of excretion did not appear for several days. 
This fact perhaps points in the same diiection as the results 
of the experiments of Kobert ■ and Cahn f on the absorption 
of manganese salts. From them it appears that the healthy 
epithelium of the intestine does not allow the manganese §alts 
to pass, and that the latter do not get into the organism until 
the epithelium has been corroded. 

It would follow that combinations of iron are not absorbed 
ataU. 

A sceptical observer, however, would not be satisfied with 
this conclusion. He would first object that perhaps the 
amount of iron required by the orgaoiem for the formation of 
hffimoglohin is so small that it is open to the errors of a 
quantitative experiment «i metabolism. He would, more- 
over, object that it does not necessarily follow that iron is 
unabsorbed because there is no increased excretion of iron by 
the kidneys, for it is possible that the iron may be absorbed, 
but eliminated in some other way. The question of the 
absorbability of compounds of iron cannot be decided until 
the preliminary question concerning the mode by which the 
iron is excreted has been settled. 

• Robert, Ardi.f. exptr. Path. u. Fharm., »oL ivL pp. 378-380 ; 1883. 
t OahD, ibid., ToL xvilL pp. 111-113 : 1881. 
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The amount of iron which, tinder normal conditions, appears 
in tho urine is always very small. On the other hand, it is 
found in abundance in the fteces. But it remains nndecidod 
how much of this iron is unabsorbed and how much is iron 
which has been re-escreted into the intestine. The amount 
of iron must therefore be estimated in the ffeces of fasting 
animals. Bidder and Schmidt * found in the urine of a 
fasting cat from 0'0014 to O'OOIT grm. Fe daily, and from 
ais to ten times as much in the faBces. The question arises, 
by what path did the iron reach the fiEces ? It has frequently 
been affirmed that the iron is conveyed to the intestine by 
the bile, but of this I have not been able to conyince myself. 
After incineration of large quantities of the bile of the ox, pig, 
dog, and man, I havetgnlj found im p ofoc pt ib le traces of iron 
in it. In the bile secreted in twenty-four hours by a dog fed 
on meat, Hamburger t could only find iron in such small 
proportions that it could not be estimated, and after the 
internal administration of sulphate of iron no incroaBe could 
be detected. Of tho remaining secretions poured into the 
intestine, the gastric juice, according to the analyses hitherto 
made, contains the most iron, and much more than the bile. It 
may be that the iron is excreted through the intestinal wall, 
perhaps by the aid of leucocytes, which appear to play an 
active part in ei:cretion as well as in absorption. To me the 
most natural explanation seems to he, that the iron found in 
the excreta of fasting animals arises from the rejected epithelial 
cells of the mtestine. The dried epitheUum of the intestine 
contains, according to C. Schmidt's analysis, 0'46 per 
cent. Fe ^^more than hiemoglobin itself. 

U solutions of salts of iron be injected into the blood or 
under the skin, they reappear again on the surface of the 
intestine. But it does not follow that the compounds of iron, 

* Bidder and Sobmidt, Dia VerdnuungitS/le und der Slofficeeluel, p, 411 : 
Hilnn and Leipzig, IS52. 

t Hairlbui^er. Ztiltehr. /. phi/iioL Chfm.. »ol. iv. p. 2i8 ; 1880. 
t Bidder and Schmidt, lor. ril., p. 267. 
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reBiilting as ultimate products of the normal metabolisin, 
must take the same path. 

Buchheim and Mayer * found that, a few hours after the 
uijection of saltfl of iron into the jugular vein of a fasting 
animal, the intestinal mucous membrane was covered with a 
secretion rich in oxide of iron. This fact is at variance with 
the result obtained by Quincke,! who, after the injection of 
lactate of iron into the jugular vein, did not observe any iron 
in the portion of intestine isolated according to Thiry'a 
method (see Lecture XI.). But the isolated knuckle of 
intestine did not necessarily retain all its normal functions. 
Moreover, the excretion of iron does not necessarily go on in 
all parts of the intostine. 

The observations of Cahn on salts of manganese are in 
complete harmony with those of Mayer on salts of iron. 
When salts of manganese were injected into the blood of 
rabbits, they reappeared in the urine, and in the contents of 
the stomach and intestine, and were to be found in abundanca 
in the intestinal wall after thorough washing. On the other 
hand, if manganese salts were introduced by the stomach 
for a long consecutive period, no manganese could be found 
in the mucous membrane of the intestine after washing, nor 
did any pass into the urine. 

7here can be httle doubt, therefore, that the manganese 
found in the intestinal wall was arrested on its way to excretion. 

If we consider how dehcate are the methods at our com- 
mand for tracing manganese in the ash, an objection can 
hardly be raised to the conclusion that manganese salts are 
not absorbed by the intestine. 

Unfortunately, iron cannot be traced along the paths of 
absorption and excretion with the same certainty, because it 
is a normal constituent of all tissues and excretions. 

* Aug. Majer, " De nttione, qua ferram mutetut in oorpore," Dissert, : 
Dorpati, 1S50. 

t H. Quinoke, Dn Boia' Arch; p- 150: 18GS. 
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After the injection of salts of iron into the blood, symptomB 
of poiBoning appear, Bach as reduced blood-presaure, intestinal 
diBturbances similar to those caused by arsenic and antimony, 
distorbances of the voluntary movements by paralysia of 
the central nervous system." A part of the iron is excreted 
through the kidneys, and causes renal disease-t None of 
these occurrences are observed after the introduction of salts 
of iron into the stomach, a fact which also agrees with the 
view that iron ia not absorbed from the stomach. At the aame 
time, one more objection may be urged, even at the risk of its 
appearing strained. It is possible that the iron, when ab- 
sorbed from the intestine, may be converted, perhaps on its 
way through the liver, into an organic compound, which is 
harmless and is not excreted through the kidneys. Such 
conversion is not without analogy. 

If, therefore, it cannot yet be decisively affirmed that salts 
of iron are not absorbed, still it appears highly probable from 
the above arguments that tliey are not. It ia fair to aaaiime 
that Hamburger's observations about ii'on merit the same 
interpretation as the unequivocal results obtained by Cahn 
with manganese. 

Ab far as the power of absorption is concerned, it does 
not make much difference which iron salt is introduced into 
the stomach. They are aU converted into chlorides of iron in 
the gastric juice. On coming into contact with the intestinal 
wall, which is always alkaline from the carbonate of soda, 
the chloride is turned into osido, which remains in solution, 
owing to the presence of organic substances ; the subcbloride 
is converted into ferrous carbonate, which is soluble both in 
carbonio acid and in organic substances. The non-absorb- 
abiltty cannot, therefore, bo explained by its insolubility. 
Finally, by the action of the sulphur compounds and of the 
reducing agents in the intestines — the nascent hydrogen and 

• Meyer and WilliamB, Areh. /. exper. PalK u. Pharm., to]. liii. p. 70 : IMO. 
t Robert, loe. eit. 
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other readily oxMized prodacts of decomposition — the cod 
pocmds of iron are converted into Bnlphide of iron and elimi< 
Dated with the ftecee. The combinations of ferric oxide' with 
organic acids behave in the same way. The p-oteids are also 
to be classed among the organic acids. The albnminatea of 
iron are likewise immediately split np by the hydrochloric 
acid of the gastric juice, subchloride or chloride of iron being 
formed.* 

Oar food must therefore contain iron in combinattona 
which are not destroyed in the alimentary canal, and which 
are capable of being absorbed, and of jielding' material for tho 
formation of hsemoglobin. 

In order to become acquainted with the preenrsors of 
hasmoglobin, I have examined the compounds of iron in yolk 
of egg and in milk.f Yolk of egg contains no hssmoglobin ; 
it must, however, contain a precursor of the latter, for when 
the egg is hatched, hismoglobin is formed from its consti- 
tuents without estraneouB aid. In the same way, milk, as the 
exclusive food of the infant, mast also contain the material 
neceasftry to form blood. 

If the yolk of a hen's egg be treated with alcohol and ether, 
no iron passes into the extract. AH the iron is found in the 
residue, which forms one-third of the dry substance of tho 
yolk, and consists of proteids and nucleins. The large amount 
of iron in this residue is not in the form of a salt. This is 
proved by the fact that the iron cannot be extracted with a 
solution of hydrochloric acid and alcohol. All saline eom- 
binationa of iron with inorganic and organic acids, among 

* If it IE immalctial, from tlie point of vien of abiorptioD, whicli pTeporatinn 
of iron IB Belectod in piactlce, Uie ptiysician boa to take olhcr points ioto contiiclem- 
tinn. Be must be very coierul not to injure the gsBtrio mitoona menibnine. 
SiAit of iron in sn ncid Bolution nre caiiatio, but not so in an aUcnline aolution. 
For this reason, iron is Ijcst giron in Did (arm of pills coated vith gam : tUia ii 
not diaBnlved till tlie mnall inteatino ia reucbed, after wbicli tlio iron cannot 
esercite a canatic eCFect npon the cent of tlie inlcatiue, which in bcdcneil willi nn 
nlknlinc secretion. 

t G. BuDKc, Zeiltchr.f. iilytiol CTem., vol. ii. p. 49 : IB84, 
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the latter of vbicb aibumea must be classed, yield the iron 
immediately on treatment with alcohol containiDg hydro- 
chloric acid. The residue of the yolk, which is insoluble in 
ether, is readily soluble in very dilute (1 per 1000) hydro- 
chloric acid. If tannic or salicylic acid be added to this 
Bolution, a white precipitate appears. But if to the same 
solution the smallest trace of chloride of iron be added, 
and well shaken, and a further addition of tannic or salicylic 
acid be made, it becomes at once blue or red. 

Iron occurs in yolk of egg in the form of a Ducleoalbumtu- 
ous compound. On digesting the yolk with artiiicial gastric 
juice, the proteids become peptonized, and the iron is found 
in the undigestible, insoluble residue as nuclein," The iron 
from this nuclein, again, cannot bo extracted by alcohol and 
hydrochloric acid, but it separates out slowly in a dilute 
bydrochlofic acid, and with greater rapidity in proportion to 
tbe strength of the acid. 

The nuckin containing iron is eoluble in ammonia. If 
to the solution of ammonia some ferrocyanide of potassium 
he added, and it be then saturated with hydrochloric acid, a 
white precipitate occurs which gradually becomes blue, with 
a rapidity in proportion to the escesa and strength of the 
hydrochloric acid. If, instead of the ferrocyanide, ferri- 
cyanido of potassium, and then hydrochloric acid, be added 
to the ammoniaoal solution, the precipitate which occurs 



* The nuelein of Ihe yolk of ogg vaa first iaolftted bj MioBchor. His molliod 
DrUoUtioii (lifioreil froui luiae, oad I imagine tliat the irun waa mostlj separated 
from its combiuatiou by tbe actiou of the hydrochlorio ncid of ibe gostiio juice. 
UtberwiBe the oonsiderable umoiinl of iron could not bnTe eieaped Mieacher's 
tttteatiou. I atlonod tbe pepsine-ferment to act for only a very abort epaoa of 
time on the solution of nucleoalbumon in Tory dilute hytlroehlonc acid. In 
Mleacbar'a proc«aa, a goatric juioe, coDtaining from 3 la 4 per 1000 HCl (10 cc. of 
fuming bydrocblorio acid to 1 litre of water), acted lirom eighleea to twcety-foar 
bouM at W" C. on the yolk of egg, eilractod with ether imd alouhol. In my 
prnceaa the amouut of hydroohloric acid was only a little more tbnn 1 per lUOO, 
iind the beating up le the lerapentture of tbe body va HtoppeJ w) soon us tbe 
liuolcin ootupouuil of tbe iron bogan to separate From the solution an a cloudy 
]>R!CipiUle (»eo Uieeotier in Hoppc-Seyler'a Meil. chtm. Ualert.. pp. 5t)4, irA). 
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remains white. Tbo iron, therefore, sepaxatea from 
organic compound as an oxide, and not as a suboxide. 

If to the ammoniacal solution of the nuclein containing 
iron a drop of sulphide of ammonium be added, there is at 
first no change in colour ; after a little time it becomes 
greenish, and gets gradually darker, until at last, on the 
following day, it is black and opaque. The change of colour 
occurs more rapidly if more sulphide of ammonium is added. 
Ammooiacal solutions of artificial albuminates of iron change 
their colour almost instantly on addition of sulphide of am- 
monium. 

It follows that the iron is more firmly fixed in the nuclein 
of the yoLk of egg than in the albuminates of iron ; but far 
more loosely than in bEematin, in which it cannot be detected 
with the ordinary reagents. 

The elementary analysis of the nuclein which contained 
iron gave the following composition : — 



This compound is doubtless the precursor of hsmoglobin, for 
there is no considerable quantity of any other compound of 
iron in the yolk. I have therefore proposed that this com- 
pound should receive the name hsematogen (blood-former). 
If the phosphorus be separated from the hsmatogen in the 
form of phosphoric acid, a molecule remains, which contains 
the same amount of iron as hemoglobin. The haemoglobin 
of hen's blood contains 0'34 per cent. Pe.* 

I have not yet succeeded in isolating the compoanda of 
iron in milk, At present I will only say that they are like- 

- .\. Jaqact, " Bolt. z. KouDtmsB des Blutrarbetoffca." Disacrt.: Bitsrl, 1H8!), 
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wise organic compounds, which ia also true of the iron in our 
most important iirticles of vegetable diet, the cereals and 
legominosfe. In these iron is contained, not as a salt, hut aa 
a stable organic compound. This may probably be taken as 
true of all food consumed by animals. Haemoglobin is formed 
from complex organic compounds of iron, which are produced 
by tbe Tital process of the plant. 

"We will now retiu-n to the question of the action of iron in 
chlorosis. Our previous observations have rendered three 
conclusions probable, which we must harmonize with one 
another: 1, The inorganic preparations of iron promote tbe 
formation of hEcmoglobin in chlorotic subjects, 2. Tbe salts 
of iron are not absorbed at all. S. Our food contains only 
organic forms of iron. 

It appears to me that the following hypothesis reconciles 
all three conclusions, and is not opposed to anything that we 
know. We must assume that the organic compounds of iron 
are in some way protected from decomposition in the digestive 
canal by the preparations of iron. I have already montionod 
that sulphide of ammonium gradually separates the iron from 
the organic compound of iron. Now, alkaline combinations of 
sulphur are also found in the intestine, especially in digestive 
disturbance, which is invariably one of the symptoms of 
chlorosis. If inorganic compounds of iron are present, they 
will at once fix the sulphur of tbe alkahnc sulphides, before it 
can act upon the organic compounds of iron. The latter are 
thus preserved from decomposition, and are absorbed. 

It appears that in chlorosis the amount of gastric juice 
secreted is insufBcient (perhaps by reason of the poorness of 
the blood), and that, in consequence, fermentative organisms 
are introduced into the intestine. The chief importance of 
the gastric juice probably lies in the antiseptic action of 
the free hydrochloric acid (compare Lecture IX.). Should 
the amount of hydrochloric acid be insufficient, fungi 
and bacteria get into the intestine, particularly those which 
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produce butyric fermentation. In butyric fermentation, 
however, hydrogen is set free, and, by the reducing action 
of the nascent hydrogen, alkaline Bulphidea are formed from 
the compounds of sulphur in the food. These decompose the 
organic compounds of iron. In this respect a recent sug- 
geetion, that hydrochloric acid is a more effectual remedy for 
chlorosis than iron, should be taken into consideration.* 
Again, the experience of physicians, that iron is only of use 
in cases of typical chlorosis, and not in other forms of 
aniemia, agrees well with my hypothesis. In all those forms 
of aniemia caused by disturbances in blood-formation outside 
the intestinal wall, the preparations of iron which cannot be 
absorbed are natiu-ally useless. 

Finally, the doctrine in which most physicians are agreed, 
that iron is only effectual in large doses, is in harmony with 
my hypothesis. Considerable quantities of iron are necessary 
to render the alkaline sulphides formed in the intestine inert, 
whereas a very small amount would Buffice for the fonnation 
of hiemoglobin. 

At the same time, I must expressly state that my hypo- 
thesis is only meant to explain the way in which the iron 
operates, and not the reason for chlorosis. The etiology of 
chlorosis still remains obscure. It is not necessary that 
digostive disturbance should have ushered it in. Virchow t 
has called attention to the fact that, in chlorotic persons on 
whom a post-mortem has 'been made, there is a defective 
formation of the vascular system, and especially of the heart 
and of the great arteries, and he is of opinion that this ia 
not in consequence of want of blood ; that it is not a question 
of atrophy, but of aplasia, or, more properly, hypoplasia. 
The predisposition of the female sex during the period of 
puberty to chlorosis also argues against the supposition that 

* Zander. Virehow's Arch.. toI. Iisiiv. p. 177 . 1881. 

t Virchow, '■ Ueber die ChlnroM und die dnmil xuanmniRDhiingendeii Anamb> 
lien xm Cif^tSittnppatMc, iiubegoDiere iiber Endocniditis pucrpiMnlis," Vorlntg. : 
Berlin, 1W2. 
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disturbances of the digestive organs have much to do with it. 
In fact, these disturbances only prevent the organism from 
overcoming the malady by the means already at its disposal. 
I should Uke to refer once more to Hamburger's experi- 
ment. The small increase in the excretion of iron through 
the kidneys, which was observed after sulphate of iron was 
taken internally, may possibly also be explained so as to 
suit my hypothesis. The inorganic salts of iron may have 
preserved the organic iron compounds of the meat-diet from 
decomposition in the intestine. As a matter of fact, the iron 
appeared in the urine, not as an inorganic salt, but as an 
organic combination.* 

* That iron is contained in the urine as an organic oomponnd, and, moreover, 
in the form of colouring-matter, was first shown by G. Harley, Verhandlungen 
der physihalUch'ChemUchen Oe$dUchaft in WUrzburg, vol. v. p. 1 : 1855. 
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THE INOBGANIO FOOD-STUFFS. 



In our previous remarks on alimentary substances^ we have 
not given any account of the inorganic materials, salts and 
water. 

In deciding the question of man's need for inorganic salts, 
we must clearly distinguish between the growing and the 
adult body. It is evident that the former requires a con- 
siderable amount of inorganic salts for its development. 
The quality and quantity needed may be best seen from the 
composition of milk. An infant weighing 6 or 7 kgrms.* 
takes about a litre (85^ fluid ounces) of milk daily. This 
contains t — 
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It would be very interesting to compare the composition 
of milk-ash with that of the total ash of the infant. But, 

* ThiB is what an infant usually weighs in the sixth month. I choose this 
stage for the ahore table, becanse the numbers are of a suitable size. Assuming 
that the need for inorganic salts is in proportion to the body-weight, the decimal 
point has only to be moved one figure to the right, in order to ascertain the 
amount required by an adult. But these figures can only be taken ad a maximal 
Talue. As we shall see (p. 113), it is probable that the adult does not requiro 
nearly so large an amount of inorganic salts. 

t G. Bunge, ZeiUchr.f, Biohg,, vol. x. p. 316: 1874. 
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unfortunately, |no analysis of the total ash of an infant has 1 
ever been made. A comparative analysis of the ash of dog's H 
milk and the total ash of a sucking puppy resulted in the H 
following figui-es,» which I give together with the analysia of 1 
the ash of blood, and another of the total ash of a young H 
rabbit and a kitten while being suckled : — H 


One bondnd r*iU d[ 


Bucking young of Mlmils. 
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bSS 


Dog-. 


lUbUI. 
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6-1 
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014 
87-5 
12'4 


31 

45-e 

0-9 
0-1 
9-1 

13-2 
35-S 


2* 
521 
2-1 
0-5 
012 
5'9 
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This table shows the remarkable fact that the proportion 
of the various inorganic substances to each other in milk, is 
almost the same as it is in the whole body of animals while 
they are being snckled. This correspondence is the more 
remarkable as the quantitative composition of the inorganic 
residue of blood is completely different. But the epithelial 
cells of the milk-glands do not derive their nourishment 
directly from the blood, but from -_the lymph which has 
transuded from the latter ; and the composition of the ash 
of lymph differs much more. The fact that the ash of milk 
contains more potassium and less sodium than the total ash 
of young animals while being suckled, may be teleologically 
explained by the fact that, as I have proved by a seriea of 
analyses.t the animal always as it grows becomes richer 
in potassium and poorer in sodium ; this probably depends 
on the relative increase of the muscles, which contain an 
abundance of potassium, and the relative diminution of the 
cartilage, which is rich in sodium. The larger amount of 

• Buoge, toe. cit., p. 32r,; bh,! Du Bui»' Arch., p. 539; 1886. 

t Bunge, be. ctt„ p. Sii. ^^^H 
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chlorine in milk may perhaps be csplained by the fact that 
the chlorideB ore useful, not only in the coustructiua of the 
organs, bat also in the preparation of the digestive secretions, 
and that those chlorides, which have reached the intestine 
with the digestive secretions, do not again become completely 
absorbed. It appears also that the chlorides are concerned 
in renal secretion. The nitrogeuoua products of metaboham 
cannot be eliminated simply in the form of aqueous solu- 
tions ; the presence of chlorides is also necessary.* This is 
shown by the fact, among others, that diuretics also increase 
the excretion of chlorine. 

It follows that the inorganic constituents are all appro- 
priated by the epithelial cells of the milk-glands from the 
blood-plasma (which is of a totally different composition), in 
the exact proportion required by the young animal for its 
development into an organism like that of the parent. 

This fact alone refutes all previous attempts at a mechani- 
cal explanation of the activity of the glands. It cannot be 
objected that the secretion of milk does not correspond with 
the composition of the sucking animal, but, on the contrary, 
that the tissues of the latter are built up in accordance vrith 
the composition of the milk ; for the incinerated puppies were 
only four days old, and were therefore born with an ash of 
a composition corresponding to that of the milk-ash. We 
also find a similar composition of the total ash as far down 
as the lower vertebrates, which have no milk-glands. 

I must, however, call attention to one discrepancy in the 
constitution of the ash of the sucking animal and that of 
milk — this relates to iron. As the above figures show, there 
is much leas iron in the ash of milk than in the ash of the 
sucking animal. In a second analysis of the ash of dog's 
milk, I foimd only 010 per cent. FejOa, or less than one- 
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ird of the amount of iron in the ash of tho puppy- There 
is a still greater difference in tho following anolysiB, for 
which I incinerated a puppy a few hours old, before it had 
been Bockled ; so as to ascertain the compOBition of the ash, 
totally free from the components of milk, and to compare it 
with the composition of the milk-ash of the puppy's mother.* 
The result was aa follows :— 



K,0 11-42 .. .. U93 

N«,0 10-54 .. .. 8-80 

ObO 2e-!S2 .. .. 27-24 

HgO 1-82 .. .. 194 

Pe,0, 0-72 .. 012 

P,0 30-42 , . . , 34-22 

a 8-3.'> .. .. ICOO 

Iron is the only inorganic constituent which forms any 
considerable exception to the similarity of tho two ashes. 
Tbe object of this close resemblance is evidently to effect the 
greatest possible economy. The maternal organism does not 
part with anything that would be useless to the pappy. Any 
excess of a component in the ash of milk could not be 
utilized in the growth of the pappy, but would be wasted. 
This wonderful arrangement appears to be nullified by the 
small amount of iron in milk. There is six times less iron 
in milk than in the ash of tho puppy. The maternal or- 
ganism thus appears to part with six times more than is 
required of all the remaining inorganic bodies. One-sixth 
only is utilized in the construction of the tissues, five-sixths 
are wasted ! 

The explanation of this apparent contradiction lies in 
the fact, that tbe young animal acquires the store of iron 
necessary for its growth before birth. The following analyses 
show that the amount of iron in tbe whole organism ia 
highest at birth, and that it gradually diminishes with the 
development of tbe animal. 

• O. Bun^, Zeittehr. /. phijilol, Chem., vol. liii, p. 393 : 1889. 
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The proportion of iron to 1 kgrni. of body-weight is as 

follows : — 

Rabbit, killed diiectlj nrter birtb . . . . 130 miUignn. Fe. 

Rabbit, 14 dftyB old U 

Pupp7, 10 houTB old 112 „ 

Puppy, tVom the samo litter, 3 dftf* old . . 96 

Flippy, from the eorao litter, 1 days old . . 7,'i „ 

Kitten, 4 daja old G9 „ 

Kilton, 19 days old 47 „ 

The following estimates • of iron in the livers (cleansed 
from blood) of a newly bom puppy and of two full-grown 
dogs are in harmony with these figures. 

The proportion of iron to 100 parts by weight of liver 
dried at 110" C, is as follows : — 

Pnppy, juat ttftor birth 391 mill igm. Fe. 

Full-grown dogB | ^ ^^ 

The proportion of iron in the liver is therefore from five 
to nine times greater immediately after birth, than it is in 
the fnU-grown animal. Tha object of this arrangement is, 
perhaps, to be sought in the evident difficulty of assimilating 
organic compounds of iron (compare Lecture VI.). Hence 
the maternal organism economi^.cs the acquired store as 
much as possible. The quantity necessary for the infant 
can enter the organism in two ways : through the placenta 
and through the mammary gland. The former is adopted as 
being the more certain. If the hulk of the organic com- 
pounds of iron were afforded by the mammary gland, it 
might become a prey to bacteria in the alimentary canal, 
before it bad time to be absorbed. But if it enters the 
infant organism through the placenta, its safety is assured. 

We have thus seen how the most suitable provision is 
made for the introduction of all the inorganic salts into the 
infant organism. We now know exactly what salts are re- 
quired by the growing animal, and in what proportion each 
must be introdaced. We may now, therefore, ask whether 

• St. Zaleaki, ^fi*(»flr,/.y*B<io!. 07«7n„Tol.x.p,453: 1886. 
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1 the child, in passing from milk to another form of diet, will 
1 continae to obtain these inorganic salts in auEBcient quanti- 
1 tieB. In answer to this question, I give the following table 
containing the most reliable determinations of the constituents 
of the ash from the most important articles of diet, together 
with analyses of the ash from milk. The articles of diet are 
arranged according to the ratio of lime contained. 

Im 100 P*BTB or DaiED Scbbt*nce thb Phopobtiohs are — 




K,0. 


Nii,0. 


CttO. 


MgO. 


Fe.O.. 


M.O.. 


a* 


Bocf 

Wbeftt 

Potolo 

Efg-albumeo 

Pem 

Hnmu milk 

Yolk«/pgg 


1-66 
062 
2-28 
1-44 
113 

0'27 
1-G7 


032 

0-06 

on 

145 
003 

0'17 
017 
105 


0099 
0-066 
0100 
0130 
0187 
0-S43 
O'3S0 
I'M 


0'152 
0'24 
019 
013 
0-22 

oos 
ooe 

020 


0-02 

O'ose 

0042 
0-026 
0024 

0003 
ooto 
0O03 


0-94 
064 

0-20 
99 
035 
ISlO 
1-86 


0-28 
(?) 
013 
1-38 

& 

035 

1-60 


The above table shows that the other articles of food 
poR.sc^ss all the inorganic constituents in as large or in a 
larger quantity than milk. Lime is the only inorganic 
material which we ha - to provide for in the choice of a 
child's food. If brought up on meat and bread, a child 
would probably not obtain the lime requisite for the growth of 
its frame. The leguminoaiE contain more ; hut the only food / 
which has the same amount as milk, is the yolk of egg, which 
should, therefore, always be given to children when milk is 
either not procurable or cannot be digested. Conaiderable 
quantities of lime occur in spring-water, but it is not known 
whether these are assimilated. Lime is found combined with 
organic Buhstances in food ; it is, therefore, irrational to pre- 
scribe lime for children in the form of inorganic compounds. 
In medical practice, rickety children are constantly being 
ordered a couple of teaspoonfuls of lime-water. This is 

• ThB amouDt of chloriae in oereflU and legominoaiB has neter yet been 
f lUia, iee Bahaghol van Adierekioii, ZtilKhr.f. aoalyt. Chem.. vol, xii. : 1873. 
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UBeless, because tbo amount ordered is far too small, 
saturated solntiou of lime contains less lime than cow's milk. 
In a pint of cow'h milk I found 1-7 grm. CaO; a pint of 
lime-water eontains only 1'3 grm, CaO. 

The nature and causes of rickets are still quite unknown. 
It is a fact that artificial feeding of growing animals on a 
diet containing little lime, can produce a diminution of the 
salts of lime in the bones, rendering them abnormally pliable 
and brittle. It is also affirmed that in several experiments 
of this nature, true rickets has been produced with all the 
characteristics of this disease.* But it is equally a fact that 
children become rickety who have never suffered from want 
of lime in their food. In these cases, it seems obvious to 
suppose that, owing to disturbed digestion, the lime-salts 
have not been adequately absorbed, or that, in spite of 
adequate absorption, they have not been assimilated owing 
to abnormal processes in the bone-forming tissues. All 
speculation on the truth of either theory is quite uselees, 
until we have careful and rehable experiments on the 
metabolism of rickety children compared with that of healthy 
ones of the same age, and brought up on the same food. 

The above table further shows that milk contains from 
seven to fourteen times less iron than the other articles of 
food. This is as we should expect. Our observations on 
the high percentage of iron in the organism just after birth 
demonstrate that the amount of iron in milk is insufficient 
for its growth. From this the important practical lesson 
may be drawn, that milk should take a subordinate rank in 
the diet of a child when it is weaned, and in the diet of 
persona suffering from poorness of blood. The staple food 
must contain a much larger quantity of iron. 

Finally, the above table shows that cow's milk, compared 

• Erwin Voit, Zeittchr. /. BioloQ., vol. ivL p. 55: 1880. An nwymnt ot Ihe 
previuoa litarBture will also bo fnund here. See further, A. Bagiaaty, Viroliow'g 
Art*., vol. Ixxivii. p. 301: 18S2; (inci SectnaDii. Zeitiehr. /. K«h. Med., vol. r. 
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with organic food-etiiffs, is much richer in inorganic Baits than 
hnman milk. This may be teleologically explained by the 
fact that the calf grows mneh more rapidly than the infant. 
It is, therefore, probable that the adult organism could exist 
with a Tery small amount of salts ; in fact, tt is a priori 
difficult to Bee what the constant addition of salts is required 
for. Inorganic salts serve a totally different purpose to the 
organic food-stuffs. The latter act as sources of energy; 
chemical potential energy is introduced with them into oni 
tissues, and is converted by the decomposition and oxidation 
of these organic substances, into all those forma of kinetic 
energy which make up life as understood by our senses. 
They serve us by the very fact of their decomposition. The 
necessity for their constant renewal is not only a matter of 
experience ; it is also at once apparent on a priori grounds. 
Inorganic salts must be regarded from a different point of 
view. These are already saturated compounds of oxygen, or 
chlorides, which likewise have no affinity for oxygen. No 
energy is set free in the body by their decomposition and 
oxidation ; they can in no way become used up and useless. 
Why, therefore, are they renewed? Even water behaves 
differently to the salts ; it assists in the elimination of the 
waste products of tissue-metamorphosis. The kidneys con 
only separate the nitrogenous substances when in a watery 
solution. The diffusion of gases in the lungs is only possible 
while the surface of the lungs is moist. The expired air is 
saturated with watery vapour. The evaporation of water 
from the surface of the skin plays a most important part 
in regulating the heat of the body. The a priori necessity for 
a constant supply of water is thus likewise evident. But it 
is otherwise with the salts. It is conceivable that if only the 
organic aliments and water always entered the organism in 
safficient quantity, the inorganic salts arising from the decay 
of the tissues might again be used in the reconstruction of 
the tissues. Even if a little waste were unavoidable, as by 
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excretion with the fieces, in conaeqnence of incompl 
absorption of the g&stric joicea, by the acaling off of the 
epidermis, the loss of hair, etc., yet we might eipect that 
the foil-grown organism woald cling firmly to its store of 
salts, and would require but a very Email additional supply. 
The constant supply of salts in considerable quantities is not 
an i priori necessity for the adnlt. 

We mast, therefore, determine the question by experiment. 
We might feed a liiil-grown animal for a long period exclu- 
sively on organic aliments and water, and ascertain the dis- 
tnrbancea that would occur, and the length of time it would 
live on socb a diet. This experiment on the fundamental 
interchange of tissues bad, until quite recently, only once 
been made by Forster, Voit's assistant in Munich." 

Forster met with insuperable difficulties when he tried to 
obtain fuod free from ash. It is possible to get carbohydratea 
and fats free from aah, but no one has yet succeeded in 
separating albumen from all inorganic matter. Even the 
crystalline proteid contains all the constituents of ash in 
email quantity. Forster, in his experiments, employed the 
residue of the meat left from the preparation of Liebig's 
extract of meat. After boiling it repeatedly with distilled 
water and drying, it still contained 0'8 per cent, of ash. 
Forster fed two dogs on this proteid containing this small 
amount of salts, as well as on fat, sugar, and starch-floor. 
He also fed three pigeons on starch-fiour and casein, whioh 
likewise contained very little saline ingredient. 

Forster observed that the animals died remarkably 
quickly when fed on this diet. The three pigeons lived 
thirteen, twenty-five, and twenty-nine days. One of the 
dogs was " so ill at the end of thirty-six days, that he would 
certainly have died in a short time if the experiment had 
been continued, while the other was dying at the end of 
twenty-sis days," When completely deprived of food, dogs 

* J. Forstei, ZtUschr. /. Bioleg., vaL iz. p. 287 : 1873. 
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live from forty to sixty days. Food from which the organic 
salts have been removed appears to be more rapidly fatal than 
the deprivation of all food. 

Forater concludea, from these experiments, that the full- 
grown animal requires considerable quaatities of inorganic 
salts. An objection may, however, be raised to this con- 
clusion, for there is one condition to which Forster has 
omitted to draw attention — I mean the formation of free 
sulphuric acid from the sulphur of the proteid. 

Albumen contains from J to IJ per cent, of sulphur, which, 
in the decomposition and oxidation of proteid, is converted 
into sulphuric acid. Eighty per cent, of the sulphur taken 
in food appears in this form in the urine. Under normal 
conditions this sulphuric acid is united with the bases which 
are taken up with every form of animal and vegetable food. 
Animal food contains basic phosphates of the alkaUca, 
carbonates of the alkalies, and alkali-albuminates; vegetable 
food yields, in addition, the aliahne ealta of vegetable acids, 
such as tartaric, citric, mahc, etc., which in the organism 
are converted into carbonates by combustion. These bases 
saturate the sulphuric acid produced by the combustion of 
proteid. If the basic salts are removed from the food, this 
powerful acid finds no bases at hand to neutralize it, and 
consequently attacks those bases which are integral con- 
stituents of the living tissues ; figuratively, it may be said 
to wrench individual bricks out of their places, and thus to 
induce the destruction of the edifice,* This appears to me 
to be the cause of the rapid death in the animals experi- 
mented upon by Forster. The remarkable fact that the dogs 
died in a shorter time than when simply starved, would be 

* Aa we Hhail nee Inter on (vide Leeture XVI.). the orgaDtara of the dog ii 
RblB to protect itself against the injuriouH action o[ friie bcIiIb, bj Bopftratlng 
ftmmanin frnm the nitmt^Tious orgnoio compntindi. Bat thia power is not 
ttnlirDitod, snd it ia doubtful whether the arnmonU is invariably present io the 
partioiiloi cells, la which the sulphoria Boid, thua liberated, begioi its work of 
dcatrnotioii. 
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espHcable on this gronnd." The correctneHa of thia reasoning 
has been tested experimentally by Lunin.t 

Lunin fed a certain number of his animals with food 
deprived of ita mineral constituents ; the others were treated 
in a similar way, but with an addition of carbonate of soda, 
which was juet safiicient to neutralize the sulphurio acid 
formed from the eulphor of the proteid. 

It was important to use as large a number of animals as 
possible, in order to eliminate the infiuence of accidental 
factors, and thus arrive at a reliable resnilt. Mice were 
therefore chosen for the purpose, since it would have been 
almost impossible to obtain food free from mineral oon- 
stitnents in the quantity reqnisite for a nnmbet of large 
animals. 

The food was prepared in the following manner. By 
precipitating diluted milk with acetic acid, and washing the 
finely floccnlent coagnlum with water acidified with acetic 
acid, a mixture of fat and casein was obtained, which only 
contained from '05 to "08 of ash in 100 parts of dry matter. 
therefore ten times less salts than in the experiments of 
Foreter. To this mixture, cane sugar, which left no ash, 
was added as a representative of the third group of food- 
staffs. 

On this food and distilled water, five mice lived eleven, 
thirteen, foorteen, fifteen, and twenty-one days. Two mice 
thai were completely starved, lived four days ; two more only 
three days. 

Again, six mice were fed upon the same food with the 
addition of carbonate of soda. These lived sixteen, twenty- 
three, twenty-four, twenty-six, twenty-seven, and thirty days, 
therefore twice as long as the animals which had no base to 
saturate the sulphmic acid formed. 

• G. Bonge, ZeiUthT.f. Biolog. vol i. p. 130 : 1874. 

t N. Lunin, " Ueber die Bedeuhing Her anorganirehen Salie fOr die EnAh- 
mng des Tbieree," DiMeit. : DorpnC, 1880. Repiiated in Zeittehr. /. phi/uel. 
Cham., bd. T. p. 31 ; 1881. 
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It might be objected that the animals lived longer, not 
bucanse of the neutralization of the sulphuric acid, but 
because they obtained at least one inorganic ingredient. 
This objection is answered bj the following experiment, in 
which seven mice were given, ceteris paribus, instead of the 
carbonate of soda, an equivalent quantity of chloride of 
sodium — that is, a neutral salt incapable of neutralizing the 
sulphuric acid. The seven mice expired after sis, ten, eleven, 
fifteen, sixteen, seventeen, and twenty days. In this case, 
although they received two inorganic substances, sodium and 
chlorine, they lived only half as long as the animals which 
received but one, sodium, and, in fact, no longer than the 
animals which had no inorganic addition at all. The 
experiments were in complete accordance with my deduc- 
tions. As a control, two parallel series of experiments with 
potassium chloride and potassium carbonate were carried out, 
and gave precisely the same results. 

By preventing the formation of free sulphuric acid, the 
animals lived twice as long, but still for a very short period. 
As the action of the acid could not have caused their death, 
what made the mice die? Was the composition of the 
organic food insufficient ? In order to decide this question, 
all the inorganic salts of milk were added to the same 
artificial mixture of organic food, in the exact proportions 
in which they exist in the ash of milli, and in the same 
relation to the amount of organic matter as in milk. Six 
mice hved twenty, twenty-three, twenty-three, twenty-nine, 
thirty, and thirty-one days upon this mixture — no longer 
than they did with the carbonate of Boda, only. Of three 
mice which were fed exclusively on cow's milk, one died 
after forty-seven days, and, as dissection showed, of in- 
tuBBUfiception (compare p. 82) ; the two others lived in 
their cage for two and a half months, grew considerably 
fatter, and were in capital condition when the experiment 
ceased. 
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It IB a noteworthy fact that, although animals can live on 
milk alone, yet if all the constituents of milk which according 
to the present teaching of physiology are necessary for the 
maintenance of the organism be mixed together, the animals 
rapidly die. Cannot cane sugar take the place of sugar of 
milk? Or are the inorganic and orgaaic constituents of milk 
chemically combined, and only assimilable in this combina- 
tion ? On precipitation of the casein by acetic acid, the 
small amount of albumen in the milk remained in solution. 
Cannot this albumen be replaced by the casein ? Or does 
milk contain, in addition to proteid, fat, and carbohydrates, 
other organic substances, which are also indispensable to the 
maintenance of life ? It would be worth while to continue 
the experiments. 

The question as to the need of adult animals for inorganic 
salts cannot be considered as settled. Before it can be 
decided, we must become intimately acquainted with all the 
organic food-atnffs which are indispensable; we must also 
manage to combine them in each a way, that they may 
be palatable to the animals during lengthened experiments. 
Finally, we must be able to saturate the sulphuric acid 
resulting from the proteid — by means of a harmless organic 
base, such as by creatinin or neurin — without the addition 
of inorganic bases. But even then it would probably be 
impossible to come to a decision, because it is beyond our 
power to ensure the presence of the base at the spot where 
the sulphuric acid is set free, or because the sulphates, 
formed with the base thus artificially introduced, expel the 
normal salts from the tissues (compare p. 120). The difficulty 
appears for the present to be insuperable. 

There is only one inorganic salt about which I must add 
a few words, because it holds a rather exceptional position — 
common salt. 

It is a very remarkable fact, that of all the inorganic 
salts in our bodies we only take one with our organic food. 
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and that is common salt. We obtain enough ot all the other 
salts from the amount oontatned in our food, and we never 
think of providing ourselves with them separately. Common 
Bait forms the only exception, which is the more remarkable 
as our diet is by no means deficient in it. All vegetable and 
animal food contains considerable quantities of chlorine and 
sodium. Wliy do these qaantities not soffioe, and why do ve 
add rock-salt ? 

In the earlier experiments made to decide this point, one 
fact was quite overlooked, which appears to me hkely to lead 
to a correct solution of the difficulty. I mean the fact that 
the desire for salt in the food was only observed in the case 
of herbivora, and never in the case of camivora. Oar 
carnivorous domestic animals, the dog and the cat, prefer 
nnsalted to salted food, and show great dislike to very salt 
food, while the domesticated herbivora are well known to be 
very fond of salt. The same thing has been observed in wild 
animals. It is a known fact that wild ruminants and hoofed 
animals seek out salt-rocks and pools, and places where salt 
effloresces, to lick the salt, and that hunters watch for them 
at such places, or expose salt as a bait. This has been 
noticed by numerous travellers with herbivora of all countries 
and climates, but it has never been observed in the case of 
beasts of prey. 

This difTerence is the more striking as the amount of salt 
which herhivorous animals take in with their food is, com- 
pared with the weight of the body, generally not much less 
than that consumed by carnivorous animals. On the other 
hand, there is a considerable difference in another constituent 
of the ash of their food, in the potassium. Herbivorous 
animals take at least three or four times as much of salts of 
potassium as the carnivora. This fact leads me to imagine 
that the abundance of potassium in vegetable food is the 
cause of the need for salt in the herbivora. 

If, for instance, a salt of potassium, such as potassium 
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corboaatc!, m&ots with commcm Bait, or chloride of sodiam. 
in solation, a partial eicb&age takes place ; chloride of 
potassium and carbonate of tiodiam are formed. Now, 
chloride of soditun is well known to be the cluef coDstitiieDt 
among the inorganic aalts of blood-plasma. When, therefore, 
ulta of potasdnm reach the blood by the absorption of food, 
an exchange takes place. Chloride of potassitun and the 
godiom salt of the acid which was combined with the 
potaasinm, are formed. Instead of the chloride of eodlam, 
therefore, the blood now contains another sodium salt, which 
did not form part of the normal composition of the blood, or 
at any rate not in bo large a proportion. A foreign con- 
■titnent or an excess of a normal constituent, i.e. sodinm 
cari>onate, has arisen in the blood. Bat the kidneys possess 
Uie fonetion of maintaining the same composition of the 
blood, and of Uios eliminating every abnormal constitaent 
and any excess of a normal constituent. The sodium salt 
formed is therefore 'ejected by the kidneys, together with the 
chloride of potassium, and the blood becomes poorer in 
chlorine and sodiam. Common salt is therefore withdrawn 
from the organism by the ingestion of potassium salts. This 
loss can only be made up from without, and this explains the 
fact that animals, which live on a diet rich in potMsimn, 
have a longing for salt. 

I have proved the correctness of this deduction by eiperi- 
ment. To a diet of uniform character salts of potassium were 
one day added, the consequence being a striking increase in 
the excretion of chlorine and sodium. I have tried this 
experiment on myself, with all the salts of potassium which 
are concerned in human nutrition. Eighteen grammes E^O, 
as phosphate or citrate, divided into three doses during the 
day, took up 6 grms. of common salt from the body, besides 
2 grms. of sodium ; for the potassium salts effect an exchange, 
not only with the chloride, but also with other compounds 
of sodium, as albuminate, carbonate, and phosphate. 
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The amount of potassium taken in these experiments was 
not large — in fact, mnch less than that introduced with the 
most important vegetable articles of diet; and yet 6 grma. of 
salt were withdi'awn from the organism by it. This is about 
one-half of the common salt which is contained in the 5 litres 
of a man's blood. That other tissues hkewiso suSer by this 
loss is undoubted. But in tho first instance the blood is 
chieBy affected, and I think that if this loss in the blood was 
covered by a comparatively small loss in the other tissues, a. 
fresh addition of potassium must have the effect of producing 
a fresh loss of sodium. Experiments of this kind have not 
yet been made. It has not yet been ascertained up to 
what point the body will continue to give up sodium, when 
potassium is constantly taken. There ia no doubt that a 
point would soon be reached at which the body would stoutly 
retain its remaining sodium. 

But even those quantities of chlorine and sodium, the 
loss of which I have specially investigated, appear to me 
sufficiently large to account for the need to replace them 
caused by eating vegetables containing an abundance of 
potassium. Having regard to the important part which salt 
plays in the organism (as in the formation of the digestive 
secretion, or in dissolving the globulins), even a small 
diminution may be prejudicial to certain functions, and may 
give rise to the need of recovering the loss. 

As already mentioned, the amount of potassium taken in 
my experiments was not more than 18 grms. A man who 
lives chiefly on potatoes takes, in the course of the day, up 
to 40 grms. of potassium. This explains the reason why 
potatoes are so unpalatable without salt, and are eaten every- 
where with well-salted adjuncts. Like potatoes, all the 
other important vegetable articles of diet, the cereals and 
legnminosBB, are very rich in potassium, and this explains 
the fact that country people, living mainly on a vegetable 
diet, use more salt than the inhabitants of towns, who eat n 
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great deal of animal food. It has been statistically shown in 
France that people living in the country eat three times as 
mach Bait per head as those in towns. 

We may now ask what the people do who take no vege- 
table food at all. There are whole tribes of hunters, fisher- 
men, and other nomads, who live entirely on animal food. 
We might expect that these people would, like the earnivorona 
animals, have a disinclination for salt. This is in fact the 
case. In order to ascertain this, I have gone through a 
very large number of works of travel, and have obtained 
a great deal of information from recent travellers, either 
personally or by letter. From all this it appears to be a 
universal rule, that in all times and in all lands those people 
who live entirely upon animal food either have never heard 
of salt, or, if they possess it, avoid it ; whereas the people 
whose staple food is vegetable have the greatest desire for 
it, and regard it as an indispensable article of diet. 

This difference was manifested as far back as the ancient 
Greek and Itoman times, when the sacrificial animals were 
always offered to the gods without salt, but the fruits of the 
earth with salt. The Mosaic law expressly commanded the 
Jews to offer gifts of vegetable fruits accompanied by salt 
to their Deity.* 

The Indo-Germanio languages have no common word for 
salt, just as they have none for farming industries, whereas 
the terms used in cattle-breeding may mostly be traced back 
to common roots. This probably shows that the Indo-Ger- 
manio tribes knew nothing about salt so long as they were 
wandering about — an undifferentiated nation — pasturing their 
fiocks on the summit and slopes of the mighty Bulur-Tagh. 
They first became acquainted with it after their dispersion, 



* The mniieps of th(^■s aad all follasing etatenieDU oonceming the lue at 
,11 among different oatinna. are quoted in my work. " Ethnologigcliec Nsehtrag 
ir Abhandlnng Qbei die Bedoatuug dea Kocbaalieii u. b. w,'' Zeiliehr./. Biolog., 
ll. z, p.ni: IBTi. 
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when they began farming and took to vegetable food. In 
the time depicted by Tacitus, we find the Germans just 
adopting fixed places of abode, and beginning to devote 
themselves to agriooItorG. But at this time they did not 
know how to obtain a regular eupply of salt, although the 
desire for it was already awakened in them, since .Tacitus 
gives accounts of raging and decimating wars, which were 
carried on by different tribes for the possession of the ealt- 
mines on the frontiers. 

The Finnish languages have up to the present day no 
word for salt. The western Finlanders, who are now engaged 
in farming, use salt and call it by the German name. On the 
other hand, the eastern Finlanders, who still lead hunters' 
and nomads' lives, use no salt whatever, and this is the 
case with all the other hunting, fishing, and nomadic tribes 
in the north of Russia and in Siberia, It is not because 
they are unacquainted with salt, or cannot procure it, but 
because they have a decided dislike to it. In all parts of 
Siberia there are rock-salt strata, salt lakes, and salt efflores- 
cences. The Siberian hunters are only interested in these 
salt strata because the flacks of reindeer assemble in these 
places to lick the salt ; the hunters themselves devour their 
meat without it, A large number of Siberian travellers have 
informed me, both personally and by letter, that such is the 
case with all the Siberian tribes. The mineralogist, C, von 
Ditmar, who travelled over the whole of Siberia between 1851 
and 18i>6, and lived for a long time among the Eamtschadales, 
writes to me as follows : " I have frequently in my travels, 
given those people (Kamtschadales, Korachs, Tschuktschen, 
Ainos, Tunguses) some of my salted viands to taste, and 
have noticed the grimaces they made, showing bow much 
they disliked it," Ditmar relates bow the Eamtschadales 
live chiefly on fish, which they throw into large holes dug 
in the ground, where the whole mass is soon turned into a 
" stinking jelly." The Russian GoTemment, disapproving 
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of the Kamtsohadales' favourite food, which is certainly dis- 
gusting to any European, and mast be unwholesome, en- 
deavoured to introduce the salting of fish, by stringent 
regulatioDB. Arrangements were made at Petropaulowski 
for obtaining salt from sea-water, and the salt waa Bi>ld to 
the Kamtschadales at a nominal price. The Kamtschadalea, 
who are an uncommonly docile race, obeyed orders, and the 
fish was conscientionaly salted. But they did not eat it. 
They kept to their decomposing fish ; and at the time that 
Ditmar waa in Kamschatka, the Russian Government bad 
relinquished the task of persaading them as liopeless. Only 
the old people still spoke of that period as of a time of 
plague. Ditmar relates that the descendants of the Eussians 
in Eamschatka do cultivate European vegetables, but only 
in small quantities, that they prefer the KamtBchadales' 
bill of fare, and accordingly their use of salt has gradually 
diminisbed. Vegetables and cereals are only eaten in Petro- 
paulowski, and here, on the other hand, the salt-cellar is 
always on the table. 

The astronomer, L. Schwarz, informed me that on his 
travels in the country of the Tunguses, he lived exclusively 
on reindeer -flesh and game. This diet agreed perfectly with 
him, and he never experienced any wish for salt. 

But as it might be thought that the disinclination of 
the Siberian tribes for salt might be due, not to the animal 
food, but to the northern climate, I will refer to the accounts 
of the inhabitants of warm countries who live on an animal 
diet, and yet take no salt. 

In the Neilgherry Hilla in India, a pastoral tribe, the 
Tudas, waa first discovered during the present century. 
Owing to their being surrounded by fever marshes, the 
English had always been prevented reaching them. They 
were totally unacquainted with vegetable food, and lived on 
milk and buffalo-meat, knowing nothing of salt. 

The Kirghese also live on meat and milk, and never usa 
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salt, alt!ionc:b they are inbaliitants of tbe saU ateppes. I 
was informed of this by Baron Maydell, who travelled through 
the Kirgbese Steppes in 1845 and in 1847. 

Sallust relates the aame thing of the Numidians : " Numida 
pleramtine lacte et ferina came veseebantur et neqne salem 
neqae alia irritamonta gulte qaterebant." There ie an aban- 
dance of salt on the north coaet of Africa. 

At present there are certain tribes of BedoainB in Arabia 
who live under conditions similar to those of the Numidians 
in the time of Sallnet. In Wrede's Travels, it is stated that 
the Bedouins eat meat without salt, and appear to consider 
the use of salt as altogether ridiculous. 

The Bushmen in the south of Africa live by the chase, 
and do not nse any salt. 

The negro races, on the contrary, are agriculturists. The 
interior of Africa contains but little salt. At the present 
time the negroes are plentifully supplied with salt, both by 
importation and by salt-boiling on tbe coast. Among the 
older travellers, Mungo Park gives the following description 
of tbe longing of the negroes for salt : " In the districts of 
the interior, salt is the greatest of all delicacies. It strikes 
a European very strangely to observe a child sucking a piece 
of rock-salt as if it were sugar. I have frequently seen this 
done, although the poorer class of inhabitants in tbe interior 
are so badly provided with this costly article, that to say 
that a man eats salt with his meal is equivalent to saying 
that he is rich. I myself have found tbe scarcity of this 
natural product very trying. Constant vegetable food causes 
a painful longing for salt that is quite indescribable. On 
the coast of Sierra Leone, the desire for salt was so keen 
among the negroes that they gave away wives, children, and 
everything that was dear to them, in return for it." 

The Indians of North America are well known to have 
been hunters and fishermen at the time of their discovery; 
they did not use Bait, although the North American prairies 
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are full of it. Only a few tribes on tlie lower course of the 
Mississippi were diligent tillers of the soil at the time of 
the first invasion of the Spaniards. It is related of tbeee 
tribes that they waged wars about the salt-springs. 

The Mexicans were farmers, and understood the methods 
of obtaining salt. The same account is given of the natives 
whom Columbus met with in the West Indian Islands. 

The shepherds of the South American pampas, who live 
entirely on meat, and regard vegetable food as only fit for 
animals, do not use any salt, although the pampas abound 
in numberless salt lakes and incrustations. The neighbouring 
Araucanians, on the other band, who were farmers at the 
time of the discovery of America, made use both of sea-salt 
and rock-salt. The inhabitants of New Holland were hunters, 
and employed no salt. 

Most of the tribes of Australia and of the East Indian 
Archipelago live on a mixed diet, and get enough salt from 
the marine animals that they eat. But there is an account 
of one purely agricultural tribe in the tropical islands, where 
the people live almost exclusively on the produce of the field, 
which is rich in potassium. They are the Battas, in Sumatra. 
We should expect that these people would have a great desire 
for salt. For a long time I was unable to find any account 
about it in any books of travel, till at last I lighted upon a 
passage in a chapter describing their modes of legal proce- 
dure, in which it said that the solemn form of oath in use 
among them ran as follows: "May my harvest fail, my cattle 
die, and may I never taste salt again, if I do not speak the 
truth." 

From the above facts, we see that at every period, in 
every part of the world, and in every climate, there are 
people who use salt as well as those who do not. The 
people who take salt, though differing from each other in 
every other respect, are all characterised by a vegetable diet ; 
in the same way, those who do not use any salt are all alike 
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in taJuDg animal food. We see that whole tribes, vihen 
forsaking their nomadic life for an agticultnral one, begin 
the use of salt ; and that, vice verm, people wbo have been 
accustomed to take salt, cease to do so when they emigrate 
and settle down among a flesh-eating population. We see 
that European travellers, if their supply of salt fails them in 
foreign countries, do not feel any want of it if they are living 
on animal food ; but that, on the other hand, they experience 
" a painful longing " for it if they adopt a vegetarian mode 
of hving. The causal connection between vegetable food and 
the need for salt is undeniable. It might be etill doubted 
whether it is really the abundance of potaaaium in the vege- 
tables which cauBes this need. The occurrence of potassium 
in considerable quantity is not the only difference between 
vegetable and animal food. The following facts may serve to 
confirm my view of the matter : — 

One important article of vegetable diet, rice, is very poor 
in potassium salts. Elce contains six times less potassium 
than the European cereals {wheat, rye, barley), from ten to 
twenty times less than the leguminosa, and from twenty-six 
to thirty times less than the potato. If we consume enough 
rice to yield 100 grms. of proteid, we only take in 1 grm. 
KjO from the same source. But if we consume 100 grms. 
of proteid in the form of potatoes, we should at the same 
time obtain above 40 grms. K^O. We should, therefore, 
expect people who only take rice and no other vegetable with 
their meat, to have no desire for salt. This is in fact the 
case, and is universally recorded of certain tribes of Bedouins 
on the Arabian Peninsula, and of a few races in the East 
Indian Islands. 

The amount of potassium and sodium in the different 
articles of vegetable and animal food eaten by man and 
animals may bo gathered from the following tables : — 
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We see from the second table that the beast of prey, which 
devours every part of an animal, obtains potassinm and 
sodium in almost equal quantity. This is the case, not only 
with mammals, but with the whole class of vertebrates." 

On the other hand, four equivalents of potassium are 
present for every equivalent of sodium in the bloodless meat 
of filftughtered animals. It is, therefore, noteworthy that the 
people who live on an animal diet without salt, carefully avoid 
loss ot blood when they slaughter the animals. This was told 
rae by four different naturalists who have lived among flesh- 
eaters in various parts of northern Russia and Siberia. The 
Samoyedea, when dining off reindeer-flesh, dip every mouthful 
in blood before eating it. The Esquimaux, in Greenland, are 
said to ping the wound as soon as they have killed a seahf 

The two bases are also contained in the milk of eamivora 
in equal proportions, whereas potassium generally prepon- 
derates largely in the milk of herbivora and in human milk, 
as may be seen by a reference to Table II. This shows that 
man and herbivora can do very well on a diet, in which the 
relation is from four to six equivalents of potassium to one 

* A. vnn BezoM, "Daa cbemisehe Skelett der Wirbelthiere," ZeiUchr. fir 
toiwnueha/li. 2«iIojK, toI. ii. p. 241 : 1858; O.Bunge, 2«lKAr./. B<(iIn(r,vol.s. 
p.31S: 1S74. 

t The exftct aonrce of Aue fiiate ii given in the Zeitiehr. /. Bidog., vol. s. 
p. 115 : «in. 1871. 
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equivalent of sodium, without any addition of salt. And there 
are many vegetables in which the proportion is no higher. In 
bay, which is a mixture of all kinds of herbage, the proportion 
is Bometimea, as the above table shows, only as three to one. 
It is a fact that many wild herbivorous mammals, such as 
hares and rabbits, never eat salt, and iu many places it is 
not offered to herbivorous domestic mammals. A keen desire 
for salt would only be awakened in these animals if they 
were exclusively fed on one of the varieties of herbage con- 
taining both the most potassium and the least sodium, such 
as clover. The wild herbivora perhaps instinctively avoid 
browsing only on the herbage that contains the largest propor- 
tion of potassium. But the domesticated animals would 
suffer if they were given food that was very rich in potassium, 
without salt. I will not affirm that they could not esist under 
this treatment, although farmers have found by experience 
that the animals eat more and thrive better if they are 
allowed to have salt, and even that obvions ill-effects follow 
a complete abstinence from this article.* Nor do I maintain 
that human beings cannot exist without salt on a diet 
almost entirely vegetarian. But if we had no salt, we should 
have a strong disinclination to eat large quantities of a vege- 
table rich in potassium, such as potatoes. The use of salt 
enables us to employ a larger variety of the earth's products 
as food than we could without it. 

It is particularly worthy of note that those articles of diet 
in which, according to Table II., the proportion of potassium 
to sodium is the highest, such as rye, potatoes, peas, and 
beans, are the very ones that form the staple food of the lower 
classes in Europe. The injustice of a salt-tax is therefore 
apparent, for the poorer a man is the more he is forced to 

" Bural, "StBlique chimique dtta nniioaui, »pptiquee sp^nialenifnt h k 
i]D««tioade I'emploi agricole du sel:" Paric, 1850: Bomsintcault, Ann. tie Chiw. 
r4 dt Phg:, •&. 111. t. iiii. p. 116: 1848. Demeamuy, Juumnl des Econamiiln, 
L XXV. pp. 7, 251 : 1S19 : Dooaiva. " Ui.'beT deu rieUtiUlgeu Nutisu des Ssliea in 
■lot Lsodwirtliaohatt," Dcutsuh rpn ProU: Leipiig, 1852. 
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live on the vegetables containing the largest amount of potas- 
sium, and the greater his consumption of salt in consequence. 

In passing, I must call attention to the fact that we are 
accustomed to take far too much salt with our viands. Salt 
is not only an aliment, it is also a condiment, and easily 
lends itself, as all such things do, to abuse. A glance at 
Table III. shows us how little salt need be added to most 
articles of diet in order to preserve the same proportion of 
the alkalies as in milk. For instance, from 1 to 2 grms. of 
salt in the day would be suflicient to add to a diet of cereals 
and legnminoss, or a few decigrammes to a diet of rice. 
Instead of thi9, most people take from 20 to 80 grms. daily, 
and frequently even more. 

We must ask whether our kidneys are really able to 
eliminate such large quantities of salt ? Do we not impose 
too great a task upon them, and may it not be fraught with 
serious consequences? When on a diet of meat and bread, 
without salt, we excrete not more than from 6 to 8 grms. of 
alkaline salts in twenty-four hours. With a diet of potatoes, 
and a correspouding addition of salt, over 100 grms. of 
alkaline salts pass through the kidneys in the day. May 
not there be danger in this ? The habit of drinking spirituous 
liquors, which, moreover, is reckoned one of the causes of 
chronic nephritis, also brings about the' immoderate use of 
salt, and thus one sin against nature leads to another. 
These are questions to which I would direct the attention of 
practitioners. 

There is no organ in our body so mercilessly illtreated as 
the kidneys. The stomach reacts against overloading. The 
kidneys are obliged to let everything pass through them, 
and the harm done to them is not felt till it is too late to 
avoid the evil consequences. 

I would further call attention to the slight amount of 
work that devolves upon the kidneys when rice is the staple 
food. Only 2 grms. of alkaline salts are excreted in twenty 
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four bonrs. The snperiority of rice (which has for e 
been the food of the majority of manliiBd — Persians, Indians, 
Chinese, Jftpanese) over potato is evident. Should not rice 
be employed as a chief article of diet in patients with rem 
disease? The same with affections of the stomach, for ( 
potassium salts act as a powerful irritant to the gastc 
mucous membrane,* and rice contains less of these than i 
other article of food. 

I cannot leave this subject without, in conclusion, gtvia) 
expression to one other theory which is becoming more i 
more a conviction with me, and in proof of which I Iiava- 
carried out a aeries of troublesome experiments. I have not 
hitherto ventured to publish them, because I was well aware 
that the theory might be thought very fanciful while the 
grounds upon which it was built were still so scanty. I antJj 
however, convinced that the remarkably high percentage ofl 
Rait in vertebrate animals, as well as the desire to take seSm 
with our food, can only be Batisfactorily explained by tm 
theory of evolution. I 

Let QB glance at the distribution of the two alkalietl 
potassium and sodium, over the whole surface of the globa 
In onr introductory remarks on the circulation of thff 
elements, I mentioned the struggle that went on between 
the carbonic acid and the silicic acid for the possession of 
the bases (see p. 17). In this conflict, the carbonic acid 
shows a greater affinity for sodium, and the sihcic acid for 
potassium. By the action of the weather on silicic rockSj 
the sodium, after decomposition, is dissolved in water as ■ 
carbonate, and trickles with the water into the ground 
The potassium, on the contrary, with other bases, especiall] 
alumina, remains combined with the silicic acid, and continue 
to lie on the surface as an insoluble double salt. When tbl( 
sodium carbonate reaches the sea by means of epriogli^ 

• O. Bange, ZmfneAr. /. Btolos., Tol. ix. p. 130: 1S73: and paSger't Anik 
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sti-eams, and rivers, it is converted by tbe chlorides of the 
alkaline earths into commoa salt, and insoluble carboaates 
of the alkaline earths are formed, which sink to the bottom, 
and are continually building up whole mountain ranges in 
tbe shape of lime, chalk, and dolomite. Sea-water is thus 
rich in common salt, poor in potassium salts, while the 
surface of dry land is rich in potassium Baits and poor in 
common salt. 

The amount of common salt in the organism corresponds 
with the amount in the environment. Sodium differs in 
this respect from potassium, which is an integral, indis- 
pensable constituent of every vegetable and animal ceU. 
Every cell baa the power of withdrawing and of assimilating 
the requisite amount of this base, even from the most 
scantily supplied soil. All sea and land plants, therefore, 
contain an abundance of potassium. Sodium, on the other 
hand, does not appear to play such an important part. 
Many plants contain only traces of sodium ; those which 
ore rich in it are only the seaweeds and the plants which 
grow on the sea-shore, and on the salt steppes, which are 
dried-up sea-basins. There are only a few apparent excep- 
tions to this rule, as, for instance, in the classes of Chenopo- 
dium and Atriples. But these species thrive only in a saUne 
soil ; they are closely allied to the denizens of the salt 
steppes, and have probably migrated from there. Among 
cultivated plants, the Beta ultis»ima, which also belongs to 
the Chenopodiacffi, is the only one rich in sodium, and this 
was originally indigenous on the sea-coast. 

This is also the case with invertebrate animals ; only 
those which live in the sea, and those nearest allied to them 
on land, contain much salt. The typical representatives of 
land invertebrates, the insects, have very little salt in them. 
I have myseK made an analysis whiah proves thot they do 
not contain more sodium than the plants from which they 
derive their nourishment. 
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The land vertebrateH are all remarkably rich in salt, in 
Bpite of tho scanty supply around them. But eren these 
are only apparent exceptions. We need but remember the 
fact that tbe first vertebrates on onr planet all lived in the 
sea. Is not the large amount of chloride of sodium found 
in the present inhabitants of dry land another proof of the 
genealogical connection which we are forced to accept &om 
morphological facts ? There is no donbt that each of as in 
his individnal development has gone through a stage in which 
he still possessed tbe chorda dorsalis and the branchial 
arches of his sea-dwelling ancestors. Why may not the 
high average of salt in our tissues be also inherited from 
them? 

If this interpretation be correct, we should expect that the 
yonnger the vertebrates are in their individual development, 
the more salt they would possess. This is in fact the case. 
I have convinced myself by numerotis experiments that an 
embryo of a, mammal contains more salt than an animal 
just born, and that it gradually becomes, after birth, poorer 
in chlorine and sodium as it develops. Cartilage contains 
the most sodium of any tissue in our bodies, besides being 
also the tissue of greatest antiquity. It is histologically 
identical with the tissue which still survives in the skeleton 
of the selachians, a salt-water animal, during its whole life. 
The human skeleton, as every one knows, is originally also 
composed of cartilage, and even before birth much of this 
is replaced by bone. This phenomenon cannot be understood 
on teleological grounds ; it can only be explained by the 
theory of evolution. We cannot assume that tbe cartilage 
period must be passed through in order that tbe bone may 
develop from the cartilage. This is not the fact. Bone does 
not arise from cartilage. The cartilage is entirely absorbed, 
and the bone grows from the perichondrium to take the 
place of the cartilage. And, in addition, the oldest formation, 
the cartilage, also contains the largest proportion of sodium. 
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These are facts which lead most readily to the interpreta- 
tion that the vertebrates living on dry land originally came 
from the sea, and are still continuing to adapt themselves 
to their present surroundings, where they can get but little 
salt. We prolong this process of acclimatization by taking 
advantage of the salt strata which have been left on the 
land by our primeval element, the salt flood. 
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SUBSIDIABY ARTICLES OF DIET. 

Man, together with all animals, consnmes certain articles 
which are neither sources of energy nor possessed of repara- 
tive power for the continual body waste. They are eaten on 
account of the agreeable influence which they exert on the 
nerves of taste or smell or on other parts of the nervous 
system ; we call these substances condiments and stimulants. 
They are as necessary to us as food itself is. 

It is a very noticeable fact that our most important 
articles of organic food are absolutely without taste or odour. 
We can only smell volatile matter, or taste such substances 
as are soluble in water. Our organic food-stuffs have neither 
of these properties. They are not in the least volatile, and 
are almost all insoluble in water. Fats, as we well know, 
are not miscible with water, and proteids only swell without 
actually dissolving in it. Of the carbohydrates, the sugars 
alone are soluble, and they taste sweet. In the case, then, 
in which food is possessed of any taste at all, it is agreeable. 
Since the bulk of our food can produce no effect on our organs 
of sense, we find our organs of taste and smell so adapted 
that the volatile and soluble matters, which are constantly 
associated with aliments as they occur in nature, produce 
agreeable sensations when they act on these sense-organs. 
These sensations not only increase our desire for food ; they 
also help digestion. It is a matter of common experience, 
that even the imagination of fragrant and savoury food may 
augment the secretion of saliva. The increased secretion of 



SUBSIDIARY ABTICLES OP DIET. 137 

gastric juice produced by the same cause baa been observed 
on Jogs with a gastric fistula. To show them ftom a long 
distance a piece of meat, is sufficient to excite tbe secretion 
of tbe gastric Juice. It is, hence, probable tbat tbe activity 
of all other glands associated with digestion is refiexly 
aroused by agreeable tastes and smells, and tbat all processes 
and movements which are Involved in digestion and absorp- 
tion are hereby assisted. Pleasant sensory impressions 
produce a cheerful frame of mind, and thus indirectly tend 
to act favourably on all the processes of the body. On tbe 
other hand, it is a familiar fact that disagreeable smells 
and tastes cause a diaturbance of digestion which may even 
produce vomiting. The necessity of these subsidiaries to food 
is, then, beyond doubt ; every effort to consume food which 
had neither taste nor smell would soon fail. 

Whilst animals merely take auch sapid substances as 
occur naturally mised with the food they eat, man goes much 
further by artificially separating the subsidiary from the 
necessary aliments. He takes the former by themselves, or 
with only a small proportion of the latter. Hence arises for 
man the danger of excess. The regulating mechanism, which 
in animals consists of the feeling of satiety which sets in 
as soon as they have eaten enough, tends to be disturbed. 
So long as only the senses of taste and smell are concerned, 
there is but little danger of excess. The more intense tbe 
stimulation of the organs of smell and taste, the more 
rapidly is the sensibility of our nerves blunted ; we get tired 
of the impressions made upon them. 

But besides those substances which act as subsidiary to 
food by their action on our senses, man has learnt to isolate 
others which produce pleasurable sensations by their action 
on the functions of tbe brain; these we term narcotics. He 
has discovered them even when they cannot be detected by 
smell' or taste, and when they occur only in plants which 
Lave no value in nutrition; such are opium, tea, oofiee. 
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baabisb, etc. Oihers, ■which natnre does not produce, he has 
leamt to prepare artificially from innocuous substancea, as for 
instance, alcohol from sugar. Conscious volition dieturbs 
the harmonions action of the unconscious impulses, and 
becomes the source of unlimited misery. 

So long as we are unacquainted with the chemical processes 
by which these subsidiary articles of diet act on the nervous 
system, their special consideration is a subject rather for 
toxicology and the physiology of the nervous system than for 
physiological chemistry. I shall, therefore, treat of only a 
few which are still often considered to be true-aliments. The 
most important of these are alcoholic drinks. 

We know that alcohol is to a very great extent oxidized 
in the body. Only a small part is excreted unchanged by 
the kidneys and lungs.* Alcohol is, therefore, without doubt 
a source of energy when absorbed into the body. But it 
does not therefore follow that it is a food. To establish the 
latter supposition, it must be shown that the energy liberated 
by the oxidation of alcohol is used to aid the performance of 
a normal function. It is not enough that chemical potential 
energy is transformed into kinetic energy ; the transformation 
must occur at the right time, in the right place, and in 
definite parts of the tissues. The tissues are not so con- 
stituted that they can he fed with any ond every combustible 
material ; we do not know, for instance, whether alcohol can 
serve as a source of the energy by virtue of which the func- 
tions of muscle and nerve are performed (see Lecture SIX.). 

It will be objected that the heat which is produced by the 
combustion of alcohol must in any case be useful to ow: 

• Vict. Subbotin, Zeiliehr. /. Oiolog., 'voL Tii. p. 3GI : 1871 ; Dupnf, Pne. 
Strg. 8oc., Tol. XX. p. 268; 1872; and Th« PraeUtiuntr. vol. ix. p. 28; 1872; 
Anatie, PraeliUona; vol. xiiL p. 15; 1S71; Aug. Bohmidt, OentnJb. /. d. med. 
Ifi'unueA., No. 23. 1875; H. Heuboch, "Uebet die AuB»cheidnngde»WeingeiBteB 
dorabdeii Uurn Fieberader," Diiwert. ; lionn, 1875; C. Bioz, Arch./, exftr. Path. 
u. flkonii,,»ol. Ti. : 1877; H. Heubai-h,"QaantilatlTe Beatimmong dtfl AlknboU 
iiD Hkiti," JnA. /. rap. Path. u. Phana., vol, viii. p. 446 : 1878; G. Bodliinder. 
Paiis«i'« Jrob., vul. xuiL p. 398 ; 1SS3. 
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economy. Even if it doe3 not directly Bubaerve any definite 
function of a particular organ, the combnation of the alcohol 
most save the using up of other food-stuffs. 

But even this cannot be admitted. For whilst on the 
band the alcohol increases the production, on the other it 
increases the loss, of heat. Owing to the paralyzing action 
which it exerts on the vasomotor system, a dilatation of the 
vessels, and especially of the cutaneous vessels, occurs, and 
consequently there is an increased loss of heat. The total 
result ia a diminution of the temperature of the body, which 
has been actually proved to take place. 

Alcohol baa invariably a paralyzing influence. All the 
results which, on superficial observation, appear to show 
that alcohol possesses stimulant properties, can be explained 
on the ground that they are due to paralysis,' 

It is a common idea that alcohol produces a warming 
effect in cold weather. This feeling of warmth depends, in 
the first place, on the fact already noticed — that the paralysis 
of the central nervous system causes an increased blood- 
supply to the surface of the body ; and secondly, in all proba- 
bility, on the blunting of the seDStbility of the central organs 
which are concerned in the sensation of cold. 

The stimulating action which alcohol appears to exert on 
the psychical functiona is also only a paralytic action. The 
cerebral functions which are first interfered with are the 
power of clear judgment and reason. As a consequence, 
emotional life comes into free play tmbampered by the 
goiding-atrings of reason. The individual becomes confiding 

* With rcgnrrl (a tbii matter, »e lecommend the perusal of the abort and 
lucid description to Sell mi ede berg's "Orumlrina der ArEuoiuiittellehrti," 2adedit. 
pp.25,S7: LuipziB,Vogol,1883: 0. Bins (" Der Woingeut als Heilmittel." Son- 
derabdiaok nns den Verhandlungen da VII. Gmgrrua /. t'nnere Slediein ™ 
Wttibaden, 1888 : Wieabftden, VerlHg voa J. F. BergmBun. 1888) haa reoently 
been upholding tbe older tiow, according to wbicli aliwhol bo* ■ etimnliiting 
uclion wben taken in sinuil doBes. Binz, bowcTer, lakoa no notke of tbe works 
of Solimifdtbetg and of Ilia pupils, ZLniinerberg (Disaert. : Dorjial, 18G9J und 
MiUd (Diuert : Stianbitrg. ISBtj. 
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and communicative; he forgets bis cares and becomes gfty| 
in fact, be no longer clearly sees tbe dangers and difficulties 
of life. But tbe most pronounced paralyzing action of 
alcohol is seen in tbe way it allays all sorts of discomfort 
and pain, and, above all, the worst sort of pain — mental 
suffering, anxiety, and trouble. Hence tbe tigbt-heaxtedness 
which prevails at a carouse. It is a prejudice which depends 
apoQ Belf-deceptioD, to believe that a man ever becomes 
witty by aid of spirituous drinks. This error is simply one 
of the results of the paralytic influence mentioned above ; 
as tbe power of criticizing one's self diminishes, self-com- 
placency increases. The lively gesticulations and useless 
exertions of intoxicated people are due to paralysis, tbe in- 
hibitory influence, which prevents a sober man from use- 
lessly expending bis strength, being removed. Associated 
with tbia is the increased frequency of pulse; wbiob is com- 
monly cited as an instance of tbe stimulating power of 
alcohol ; it has nothing to do with tbe action of alcohol, 
but is caused by the surroundings among which tbe alco- 
holic drinks are generally taken. It is a consequence of 
the excited condition, and, according to tbe experiments 
hitherto made, does not occur when tbe body remains 
quiet.' 

A paralytic symptom, which is erroneously regarded aa 
one of stimulation, is also found in the deadening of tbe sense 
of fatigue. There is a strong belief that alcohol gives new 
strength and energy after fatigue hEis set in. The sensation 
of fatigue is one of tbe safety-valves of our machine. To 
stifle the feeling of fatigue in order to be able to work on, is 
like forcibly closing the safety-valve so that the boUer may 
be over-heated. 

The behef that alcohol gives strength to tbe weary is 
particularly dangerous for the class of people which contains 

■ Buhmiuilubeig, too. eil., p. 'iS; Zimmerherg, "Unt. ub, deu Elufluu dei 
AUcoliols uuf die ThiUgkeit dcs Heraeos," DiueiU : Dorpet, 18ti9. 
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the most numerous members. The poor people, whose income 
is already insufficient to procure a enitable Bubsistenoe, are 
misled by this prejudice into spending a very considerable 
part of their earnings on alcoholic drinks, instead of purchas- 
ing good and palatable food, which alone can give them 
strength for their hard work. 

This prejudice of the "strengthening" power of alcohol 
maintains so deep a hold owing to the results which are seen 
and felt in the case of the babitnal drinker. Any one who is 
in the regular habit of taking a considerable quantity of 
alcohol is better able to do his work while he continues it 
than if he were suddenly to leave it off. We cannot at 
present explain this result, although it is quite analogous 
to the effect of other narcotics on persona who have been 
accustomed to their use. The opium-eater can neither work, 
nor eat, nor sleep, if his opium be denied him ; he is 
"strengthened" by the opium. But a man who is not 
accustomed to a narcotic is most certainly not rendered more 
fit for work by taking it. 

The uneleBsness, if not harmfulness, of even moderate 
doses of alcohol rests on better evidence than scientific deduc- 
tions and esperiments. In connection with the sanitation of 
armies, thousands of experiments upon large bodies of men 
have been made, and have led to the result that, in peace and 
war, in every climate, in heat, cold, and rain, soldiers are 
better able to endure the fatigues of the most exhausting 
marches when they are not allowed any alcohol at all.* A 
similar result ia observed in the ease of the navies, and on 
thousands of commercial vessels belonging to England and 
America, which put to sea without a drop of alcohol. Most 
whalers are manned hy total abstainers. 

That mental exertions of all kinds are better undergone 
without alcohol is generally admitted by moat people who 

• Beo A. Bacr, " Der Alkoboliamas," pp. 103-108 : Berlin, 1B78. Beferonoos 
to Lhe original voiki are p^ea here, 
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have made tbe trial. Alcohol, then, makes no one stronger; 
it only deadens tbe feeling of fatigue. 

One of the disagreeable sensations which alcohol dimin- 
ishes is that of tedium. This feehng is, however, like the 
sensation of fatigue, one of the arrangements for self-re- 
gulation which the organism possesses. Just as the feeling 
of fatigue makes ub rest, so the feeling of tedium encourages 
us to exertion, without which nerve and muscle atrophy. 
It is interesting to observe what curious means a lazy and 
empty-headed man adopts in order to be free from the demon 
of tedium without making personal exertion. It drives him 
without rest from place to place, to this company and that, 
from one distraction to another. But all these attempts to 
escape from himself would be in vain, and the bulk of man- 
kind would be driven to exercise tbeii- brain and muscles in 
some way or another, in order to obtain the feeling of rest 
and satisfactioD and to lose their sense of tedium, were 
it not for alcohol. Alcohol frees them easily and agreeably 
from this demon. A drinker is never conscious of his own 
emptiness. He wants no interests and ideas; he has the 
comfort and satisfaction of narcosis. There is nothing so 
dangerous to tbe development of a man, nothing which so 
undermines his character, nothing which so surely destroys 
the remaining energy be is capable of, as the continual 
deadening of tbe sense of tedium by means of alcohol. 

Another point which is adduced in favour of alcoholic 
drinks is, that they diminish the waste of the body. It is 
true that a slight diminution in tbe excretion of nitrogen, 
and consequently of proteid decomposition, is observed after 
moderate doses of alcohol.' But it is difBcult to understand 
■ A. P. Pnkker, "Nederlondfcb Tijdicbrift voof Gcneetknnde, p. I2S: 
1871 : Ifflni, Slunk, Fn-fc. der Phytial. Gel. ru Strlin: Jan. 3, 1879; L, Bica, 
ZeUtehr. f. klin. Med., vol. ii. p. 1 : 18S0. Otbor autliora, among whom Piirkei 
(Proe. Kny. Soe., »ol. xx., p. 402 : 1872) is to be Dotod for liie eisot nnd rellabis 
eiperimeDta, hnie found tbat aloohol exeTcises nn influcQi.'e on tbe e^cmlian of 
nitrogen. H. Keller hu recently carried out a carcfuL eiperiueot oa bumos 
melaboliw) iZttitehr./.jAgtioL Chtm., toI. xuL p. 12S : 18B8J. 
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why tliis should be made a reason for recommendmg alcoholic 
drinks. "Why should we wish to diminish the metabolism of 
the body ? Is not metabolism, or the breaking down of the 
tissues, the source of all our energy? The intensity of this 
disintegrating process, this conversion of potential into kinetic 
energy, is constantly regulated by a complicated nervous 
iiiccbanism, which now acts in an inhibitory, now in an 
accelerating direction, according to the requirements of the 
various organs. To interfere with this self-controlling me- 
chanism by the action of poisonous substances can hardly be 
wise, since we are almost entirely in ignorance concerning its 
intimate character. What means have we of judging whether 
the metahohsm is too quick or too slow ? 

In large doses, alcohol increases instead of diminishing 
the excretion of nitrogen." In this respect it resembles 
certain powerful poisons, especially phosphorus and arsenic, 
which cause increase in the excretion of nitrogen, but at the 
same time diminish the amount of oiygen taken up and 
carbonic acid excreted, and consequently produce fatty degene- 
ration of various organs. It appears that these poisons give 
rise to the production of fat from proteid ; the nitrogen, with 
a small quantity of the carbon, is separated from the proteid 
molecule, and the residue, free from nitrogen, is stored up in 
the tissues as fat. We shall have to consider this process 
in greater detail in a later section (Lecture XX.). Possibly 
the fatty degeneration of the organs sometimes observed in 
drunkards is to be referred to a similar action. But, un- 
fortunately, the experiments hitherto made have not decided 
with certainty whether the absorption of alcohol has any 
influence on the elimination of carbonic acid.f 

* laim. Maok, loe. eil, 

+ Tho ofl-qnotLiJ eiporimenU of Boeck and Baner allow nf no dcfinilB oon- 
I'tnaion, aj t)ie duralbn of the eiperinients viae loo short (Zeiliehr./. Blola<i., 
vnl. X. : 1ST4). Tlie tBme is atill moie applicuble to tk« ^iperlniDnU of Wolfers 
{AtA. f. d. gfimm. FkyioL, vol. iixii. p. 222: 1883). N. SimnnDWaki and C. 
Bchoumnff hftve shown that absorplloD of alcohol HIiuiaiBLua tUa oiidution of 
boiuol iuto phenol ^FtmKe>'. vol. xxxiii. p. 251 : ISSl}, 
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It IB (vmrnumly iiionf^ timt aIi!ohnIic (irmlm act as aids 
to (iigBstioii. Ik lealitj it would appear tiiat Hie contrary is 
tiief^ase. Any one may make the obffcgvatioiL on himaftlf, that 
a meal witfaont alcobol is more qnickiy followed by hnnger 
tfaan when aleohoi is tskkeau The inhibitory infinenee of 
alenhiit on digestion has been observed on a patient 
a ^^utrxe fifltoia,* on sevioal otiier persons by tiie 
(jf the ^Dmach-pmnp^t and by means of nmnerons other 
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Up to this point I have chiefly considered the action of 
aleohoi on possons who ace usually called moderate drinkers. 
Tq desexxbe Hie ultimate consequences of ^Lcessive drrnkfng 
can hardly come within the scope of these lectures. It may 
be mentioned, howev^or, that the misuse of alcoholic drinks 
causes a wiiole host of diseases ; that no organ of our body 
TPTfifMTig free from, its injurious action. It is also apparently 
certain that &om 70 to 80 per cs3it, of crime, &om 80 to 90 
par cent, of all poverty, and from 10 to 40 per cent, of the 
duicides in most civilized countries, are to be ascribed to 
alcohoL 

We must, however, strictly discriminate between the use 
of alcohol as a luxury and an article of diet, and its use as a 
medicine. In iiie opinion of many practitioners, it is indis- 
pensable as a medicine. It is precisely its paralyzing pro> 
perdes which render it valuable in this case. It is a mild 
anssthetie, and acta as a sedative by diminishing abnormally 
increased reflex irritabilitv. Alcohol is farther used as an 
:uiti-pyretie ; but proof of its value in this capacity is still 
lacking. 

Tba and coffes are much less likely to cause ill effects 
than alcoholic liquors. They exert no paralytic indaence ; on 

* 7. ErelaefaT. Deutteh, JrdLf, Htn. Med.^ tdL xriiL p. 327 : IS76. 

t W. Bnehxier. ibicL, vol. xxix. p. 537 : 18SI. 

I Snul Sehutz. Pmger nmL Wddunuekr.^ ITo. iO : 1885 ; Bik&Iyi, Malj^s 
Jakregbtr. /. Thierdtem^ p. 273: 1885; Wwnori Ogatu. Artsh. f. Rygiemtr 
VOL iiL p. 204: 1885; EQikowicz. Yiiehow'a Ank^ voL dL p. 300: 1885. 
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the contrary, they are helpful iu both mental and physical 
exertions. In their use there is but little danger of excess. 
It ia trne that they oceaaionally disagree with certain people, 
especially if taken in too large qoantities ; and their long- 
continued misuse may cause illnesa. But in these cases 
there is but little difficulty in inducing the people so affected 
to abstain. A patient who is recommended seriously to 
abstain from taking too much tea generally doea so; a 
patient who takes too much alcohol does not easily give it 
up. A man rarely becomes the slave of coffee or tea, and 
excessive drinking of tea and coffee never produces a state 
of moral irresponsibility, nor leads to the commissioa of 
crime. 

Tea and coffee contain, as ia well known, an active 
principle common to both, caffeine or theine, which ia closely 
related to xanthine, a crystalline substance rich in nitrogen, 
which enters in small quantity into all our tissues. We 
shall study xanthine in connection with the ohemistry of the 
urine (Lecture XYI.). Caffeine ia xanthine with three methyl 
groups introduced into its molecule, and it can be artificially 
prepared from these constituents." 

It is a very remarkable and surprising fact that people 
of the most different races, in all parts of the world, have 
succeeded in discovering caffeine in the most varied plants. 
The Arabs found it in the coffee bean ; the Chinese in tea ; 
the natives of Central Africa in the cola nut (Cola acuminata) ; 
those of South Africa in bush tea, the leaves of a variety of 
Cyclopia ; the natives of South America iu Paraguay tea (Uej: 
paragvayenxis), and in the seeds of Paulinia sorbilis, a 
Brazilian creeper. This fact is the more remarkable as 
caffeine can be detected neither by its taste nor smell. Also 
interesting is the close relation of this universally prized 
luxury to one of the constituents of oiu: tissues. It is possible 
that the caffeine molecule, in consequence of its similar cou- 
■ iSmil Fucliei, Liebig's Anaal., vul. ocxv. p. 253 : 1S82. 
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stitution, hae an affinity for the same tissue elements 1 
which xanthine is found, and that it plays an analogous 
though, in consequence of its more complex constitation, a 
modified part. This may explain the Btimulating action 
which it poBsesses. 

Caffeine is mostly destroyed in the tissues of our body. 
Experiments' conducted in Dragendorff's laboratory in Dorpat 
have shown that of the amount of caffeine which is absorbed 
as the result of ordinary tea and coffee drinking — a oup of 
coffee contains about O'l grm. caffeine, and the same is con- 
tained in from 2 to 10 grms. dry tea-leaves — none passes into 
the urine. Caffeine can be detected in the urine when 0'5 grm. 
caffeine has been taken. Caffeine has no influence on the 
proteid composition of the organism. Voitt has shown by 
careful observation that the amount of nitrogen excreted is 
neither increased nor diminished by the use of caffeine. 

This ie not the place to give a detailed account of th« 
variona modes of action of caffeine ; I must refer you to works 
on pharmacology. In addition to this common constituent, 
tea contains ethereal oils, and in coffee certain aromatic 
substances are formed as the result of roasting ; hence the 
difference of taste and action of these substances. 

A substance chemically closely allied and of similar 
action to caffeine is found in the racoA beak. This is 
theobromine, a xanthine with two methyl groups. In the 
seeds of Paidinia sorbilis, from which guarana paste, mnch 
liked in South America, is prepared, both these substances 

• Rich. Schneider, " Uelwc dai Scliicktal d™ CaffeinB nnd Theobromiiii im 
ThieikorpeT, nubat UateTsuchungcn iiber den Nsdhwcis dea Korphiua im Hum,'* 
Diiaert. : Dorpat, 1884. SchuUkwer (■' Du Caffein n. soin Veihalten im Tbi#r- 
korper," Diuert. : KoQigsboig, 1b83) fcmid Uiat,or0'3 grm. ot'caffe'ioe sob- 
cuUneonsly injeoled idIo a dog. nnly 0'012 reappeared in the nrina. Mnly and 
AndrcMoh ("Studien aber Caffein xmd Theobromin," MotialtkefU iter Ckam.. 
Haj : 1883) found that, of O'l grm. adminiftered intemall]' to a smaU ao^. 
0-066 raappeared in the mine. 

t C. Voit, " UnL flb. d. EinQ. dea EochsalTCi, dea EafTw* nnd dei Slaskel- 
bewegiingen anf dea StolTwechftel," p. 67-147 : M iiacheu, 18G0. 



SUBSIDIARY ARTICLES OF DIET^ BOUILLON. 14V 

are united. Filehne • has recently studied the action of 
theobromine on muscle and on the central nervous system- 
He has arrived at the interesting result that the chemical 
Beries, caffeine (trimethyl -xanthine), theobromine (dimethyl- 
xanthine), and xanthine present a corresponding series in 
their pharmacological action. A monomethyl-xanthine is 
at present unknown. The cocoa bean is not only a luxury, 
but also very valuable aa nutriment; it contains half its 
weight of fat, and in addition about 12 per cent, of albumen. 
Chocolate might be very serviceable for military purposes. 
It is hardly possible to carry food in a more concentrated 
form than in chocolate. 

Bouillon and extract of mrat, which is bouillon avapo- 
rated to a semi-solid consistence, afford the most harmless 
subsidiary aliments. The extractives of meat do not, so far 
as is known, exert the slightest narcotic inSuence. They 
act entirely on taste and smell. This agreeable effect can 
hardly be overestimated, but we must guard against sup- 
posing that meat bouillon possesses a strengthening and 
nourishing induence. In regard to this, the most delusive 
notions are entertained, not only by the general public, but 
also by medical men. 

Until quite recently, the opinion was held that bouillon 
contained the moat nutritive part of meat. There was a 
confused idea that a minute quantity of material — a plateful 
of bouillon can be made from a teaspoonful of meat-extract — 
could yield an effectual source of nourishment, that the 
extractives of meat were synonymous with concentrated 
food. 

Let us inquire what substances could render bonillon 
nutritious. The only article of food which meat yields to 
boiling water is gelatin. It is well known that albumen is 
coagulated on boiling, the glycogen of meat is rapidly 
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coareited into sttgftr, uid ibis again into lactic acid. Tba 
qoantity of gelatin is, moreoyer, very amall ; for a watery 
Bolntion vrhicb contains only 1 per c«nt. of gelatin, coagnlatea 
on cooling. 8ach coagulation may ooeor in very strong 
tonps and gntries, bat never in bonilloo. BoniUon, therefore, 
eontaina macli less than 1 per cent, of gelatin. In preparing 
exteaet of meat, the quantity of gelatin la reduced as much 
*B poflsible, becaase it is ia a high degree liable to pntrebetive 
changes, and therefore likely to interfere with the preservatioa 
of the preparation. The other constituenta of bouillon are 
decomposition prodncts of food-staffs — prodncts of the oxida- 
tions and decompositions which take place in the animal 
organism. They cannot be regarded as nntritious, becanse 
they are no longer capable of yielding any kinetic energy, 
or at most sacfa a small amoont that it is of no importaaoe 
whatever. 

Kevertheleea, until the most recent times, ereatin and 
creatinin,* which are among the chief constitaents of meat- 
extract, were regarded as the scarce of energy in moscle. 
This assertion was shown to be untrue by the researches of 
Meissner t and of Voit.I who proved conclusively that ereatin 
and creatinin are excreted in the urine twenty-four boars aftCT 
their absorption without loss. A material which is neither 
oxidized nor decomposed cannot form a source of energy, 
apart from the fact that the quantity of ereatin and creatinin 
which is absorbed in bouillon, is so small that it could not 
possibly be seriously regarded as the soorce of muscular 



It has further been asserted that the addition of extract 
of meat increases the nutritive value of vegetable food, and 
gives the latter the same value ss fresh meat. This assertion 

* Por tlie ehemictl cnDstitution and tbe phjaJDiogictil Bigaificiince ot thcM 
componndB, see Leclnrv XVI. 

t G. MeiHoer, ZeUtehr. f. tat. Med., toI. iiit. p. 97 : 1865 : lol. uti. p. 
225: 1886: uid toI. mi. p. SB3; 1868. 

; a Voit, Znlw^.f. Biolog., toL iv. p. Ill : 1863. 
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Iiaa also been refuted by Voit and his pupils.* who have shown, 
by experiments made on man and on animals, that the un- 
favourable conditions of assimilation which characterize 
vegetable food are not improved by the addition of extract 
of meat. 

Finally, the attempt haB been made to attach a value as 
a food to extract of meat, in consequence of the oouslderabte 
quantity of salts, " nutritive salts," whioh it contains. But, 
as I have already explained Cp- HI), there is no lack of salts 
in our ffood, but always an excess. Even for the growing 
organism there is only one inorganic constituent which could 
be deficient, i.e. carbonate of lime. But there is very little 
lime in meat-extract; the aeh contains only 0*23 per cent. 
CaO.f No one would be Ukely to eat more than 30 grms. of 
meat-extract, which represents the amount obtained from 1 
kgrm. of meat, and contains only 0-015 grm. of Ume — that 
is, the same quantity as ia contained in 10 c.cme. of cow's 
milk. 

We must, therefore, conclude that meat-extract is only a 
subsidiary aliment. It is asserted even at the present time 
that extract of meat acts in the same stimulating and 
refreshing manner as tea and coffee undoubtedly do; but 
np to this date no direct action of extract of meat on 
muscles or nerves has been proved. The only investigation 
in this direction is due to Kemmerich.I who lays stress on the 
large amount o[ potassium salts contaiued in extract of meat, 
and asserts, as the result of his experiments, that they exert, 
in small doses a stimulating, in large doses a depressing, 
effect on the function of the heart. He therefore warns 
against immoderate use of the extract of meat. 

Bo far ae the potassium salts are concerned, the following 

• ErnBt Bimhoir, Zeiltchr. f. Biolog., toI. ». p. 4Sl : 1869 ; on.l C. Voil 
Zfittehr./. BitAog., to!, iv. pp. 359, 360 : 1870. 

t G. Bunge. Pflflger'B Arch., »ol, it. p. Zii ■ 1871, 
I Kemtniiieh, Pfl&ger's .irek, vol. ii. p. *«: 1863. 
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is really the ease.' The stimulating action od the heart 
which Kemmerich observed was in no way dae to the potaa- 
Hium salts, but Bimply to the fact that he osed rabbits for his 
experiments. Being rery timid animala, the injection of 
almost any indifferent sabstauce, such as a Eolation of sagar, 
or of common salt, may easily produce a decided increase in 
the rate of the pulse. The mere passage of the stomach 
soiuid is Huflicient to produce this effect. By large numbera 
of experiments both on dogs and on the human aubject, I 
have convinced myself that the introduction of potassium 
salts into the stomach is never followed by the shghtest 
increase in the rapidity of the pulse. 

The paralyzing in^aence on the heart, obserred by 
Kemmerich, is due to his having used an amount of potash 
salt quite out of proportion to the weight of the rabbit. To 
give a rabbit of 1000 grms. body weight, 5 grms. of potash 
salts, is the same as giving a man 300 grms. An additional 
factor in the case of a rabbit is that it is unable to vomit. 
It is impossible to produce any influence on the heart of the 
dog, since an excessive dose of potassium salts is promptly 
followed by vomiting. I have found by numerous experi- 
ments that the maximum dose (about 12 grms.), which can 
be taken without causing vomiting, is quite without influence 
on the action of the heart. In cases where poisoning has 
actually ensued as the result of overdoses of potassium salts, 
death has been due to a gastro-enteritis, and not to any effect 
upon the heart. Fotash salts have a local cauterizing effect. 
The gastric mucous membrane of animals into whom salts 
of potassium have been injected, is always hyperiemic, and 
sometimes marked with ecchymoses. If the potassium salts 
are given in a very concentrated form, especially in powder, 
gastritis, with a fatal result, may be produced. 

■ O.Bu&ge,lbid.,*(il.i*.p.S3S: 1871; and Zeilteir./. BioUg.. vol iz-p. 130: 
1673. Lehmuin has reoeuUy oouUnned my resulli (aee Ardt.f. Uygient, toL iil. 
p.a49:1863>. 
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FaralyaiB of the heart, caased by potassium salts, follows 
rapidly if the solution be injected directly into the blood. As 
the result of my own experience, I have convinced myself that 
when O'l grm. KOI is injected into a medium-sized dog, an 
almost immediate arrest of the heart follows. Subcutaneous 
injection of potassium salts also causes cessation of the 
cardiac beat. But paralysis of tlie heart is never preceded 
by acceleration, but always by a slowing of the pulse. 

It is hardly necessary to recur to experiment in order to 
show how entirely innocuous salts of potassium are when 
taken by the mouth ; it has only to be borne in mind bow 
large a quantity is constantly consumed with vegetable food, 
I have already noticed the fact that a man who lives chiefly 
on potatoes absorbs over 40 grmn. of potash salts in the 
course of a day (p. 121). 

The potash salts, therefore, which occur in bouillon cannot 
produce any etiect on the heart, neither small doses stimu- 
lating it, nor large ones paralyzing it. Bat even if we 
could admit the esciting action of potassium salts, it would 
be difficult to see why we should take bouillon on account of 
the potash it contains, since we could get much more with 
almost any other form of food. Five grammes of extract of 
meat will make a plateful of bouillon, and they only contain 
O'S grm. potassium, the same quantity as in a small potato. 

We see, then, that the only experiment which has been 
hitherto attempted to demonstrate the stimulating influence 
of extiact of meat has not been successful. 

It has frequently been asserted that the organic con- 
stituents of meat-extract exert an influence on the muscular 
nervous system, but never on sufficient ground. As regards 
creatin and ereatinin, in particular, Voit * has given details ; 
he foimd that 63 grms. creatin and 8"(> grms. ereatinin 
given to a dog produced no symptoms whatever. More 

■ C, Voit, " Ueber die B;tilirioklung dor Lphre von der Qiiolle det Mu»hel- 
kraft," p. SB ; 1870 ; or antocAr. /. Mitog., toL tL p. 313 ; 1870. 
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recently Kobert * has endeavoured to demonstrate an actio^ 
of creatin on miiBCle. The expi^rimenta were conducted on 
frogs, and excessive doses of creatin used ; bat the result was 
ambiguous. Human muscle could hardly be iudueuced by 
the minute quantity (about 0-2 grm.) of creatin contained in 
an ordinary plateful of soup. This can be deduced a priori, 
quite apart from the observations of Voit. Our muscles 
contain about 3 per 1000 creatin.t The whole muscular 
system of au adult man, whieb amounts to about 30 kgrms,, 
contains consequently about 00 grms. It is also found in 
the nervous system and in the blood. With regard to the 
small quantityof creatin which is taken in bouillon, absorbed, 
and at the same time rapidly excreted by the kidneys, we 
are uncertain whether it ever reaches the muscles at all. 
And even if a small quantity should do so, it can hardly be of 
any importance, when we know that the muscles already 
contain 90 grms. of creatin. 

That some other organic eoHBtituent of meat-estraet may 
produce an effect on the muscular or nervous system, must 
be admitted to be remotelj' possible ; at present it is in 
no way proved. "We know, with regard to bouillon, abso- 
lutely DO more than that it tastes aud smells agreeably. 
This fact, however, suffices to explain all the "enlivening" 
and "strengthening" virtues which common experience 
attributes to extract of meat and bouillon, and to recommend 
them BB valuable subsidiary articles of diet. 

• Arch.f. raperim. Path. u. Fhiitm 

t Fr. Uurmiiiin, Zriliehr. f. Diohn 

Arah./- Min. Mtd., «ol. fi. p. 24!i: II 
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LECTUBE IX. 

SALIVA AND GASTRIC JUICE. 

We have in previous chapters become acquainted with the 
various food-stuflfs, and we must now trace their course 
through our bodies, and the continuous changes which they 
undergo. 

The first fluid with which the food comes in contact on 
being introduced into the alimentary canal, is the saliva,* 
which is well known to be the secretion of three larger pairs 
of glands, and of the small glands in the mucous membrane 
of the mouth. The amount of saliva formed in the course 
of twenty-four hours is very considerable, and, according to 
an approximate estimate of Bidder and Schmidt,! is about 
1500 c.cms. This secretion might, therefore, be expected to 
play an important part in the processes of digestion, but 
it has not yet been found that it does so. The saliva has 
no effect on most articles of diet ; starch alone is converted 
by its means into dextrine and sugar. But even this action 
is very inconsiderable ; it is nothing compared with the power- 
ful action of the pancreatic juice in breaking up starch. The 
period during which the saliva acts is of very short duration. 

* The processes of secretion in the salivary glands have been more closely 
investigated by Bernard, Ludwig, and Heidenhain than those in any other 
glands, and the results of these investigations are among the most important 
achievements of modern physiology. But these works have thrown no light 
upon the chemical processes in glandular functions. I therefore think it better 
to pass them over, especially as they are adequately described in all text-books 
of physiology. 

t Bidder and Schmidt, ** Die Yerdaunngssafte iind der Stoffwechiel," p. 14 : 
Mitau and Leipzig, 1852. 



154 



LECTDSE IX. 



The BoliTary ferment can only operate foUy on starch imdl 
the hintl; alkaline reaction which belongs to normal saliva. 
This action is immediately enfeebled or entirely neutralized 
by the acid gastric juice." Thns only a Tcry small portion 
of the starch coQBamed ia split Dp by the salivary ferment. 
Bot the saliva of some mammals has not even this slight 
action, as in the case of the camivora, where, for teleological 
reaaons, it might be expected to be absent. 

As saliva is very abondantly secreted by camivora, it is 
apparent that the decomposition of starch is not its main 
fwiction. 

It was hoped that by extirpating the aaUvary glands of 
dogs.t and then observing what disturbances took place in 
coDsequence, a conclosiou might be arrived at, as to the 
importance of saUva. No prejudicial eETects were detected, 
although it was remarked that the dogs drank more water 
than usual with their accustomed and carefully regulated diet. 

It appe&ra that the saliva is chi^tly of importance from 
a mechanical point of view. It moistens the food in the 
mouth and prepares it for the act of swallowing. At the 
same time, the month is kept clean by the constant secretion. 
If particles of food were allowed to remain in the mouth, the 
acids which would be formed as the result of their decompo- 
sition, would injure the teeth ; this is prevented by the mouth 
being continually kept moist with the alkaline saliva. If 
this view of the use of saliva is correct, we should espect the 
salivary glands of mammals living in water to be absent, since 
the food they take is al^rays sufficiently moist, and the cavity 
of the mouth is constantly being washed out by water. This 
is in fact the case. The Cetacea lack saUvary glands entirely, 
and in the Pinnipedia they are only rudimentary. 



* O. Hkmnuinten, I^ntua'a Report ia the Jahreibericlit tt'wr die LeMan^n 
drrgt*. JHeilicn'n., Jahtg:- vl vol. i. i 1871. 

t O. Fehr,"UebcTdie£utiriiatiotiEBaiintli<:heiSpeichuidiiuenbeimUuiide," 
jKuert. : Oieiaeu, 1S62. 
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In the Btomach the nutriment meets with k seeond secre- 
tion, the 048TKIC JricE, distinguished from all the other diges- 
tive fluids by its acid reaction. This acid reaction ia due 
to the free hydrochloric acid. The proof of this was furnished 
by Carl Schmidt.* Ha determined the exact quantity of the 
chlorine and of all the bases, potassium, sodium, lime, mag- 
nesium, oxide of iron, and ammonia. The result was, that 
after allowing enough hydrochloric acid to saturate all the 
baseSj a quantity remained over which amounted to about 
2'5 to 4 grms. in 1 litre. Carl Schmidt determined, ui 
addition, the amount o-f free acid by means of titration, and 
obtained almost exactly the same numbers aa in the case of 
the determination by weight. 

If we now inquire into the signification of this free acid, 
we hnd that most writers regard it as subserving the digestion 
of proteids. Froteids, aud gelatins which are closely allied 
to them, arc in fact the only articles of diet which are altered 
by the gastric juice. They are changed into peptoneB,+ which 
are distinguished from proteids and gelatins by the fact that 
they no longer retain their colloid properties, are no longer 
coagulable, are more readily diffusible through animal mem- 
branes, and consequently appear particularly suited for 
absorption into the blood. This peptonizing action is attri- 
buted to a ferment called pepsin. J Pepsin is, however, only 
effectual in the presence of a free acid. Hence, up to the 

■ BiddBi and Sohiuidt. " Die VerdnuuugiD&rta uttd der Stoffneob«el.'' pp. 44 . 
45: MiUu aoil Leipzig. 1852. 

t The nature aod BigniOoatioii or UiB peptones will be diftcuiwd Irttei on (aaa 
Lectures X- and XII,). 

{ Sec L«uture X. for the experiments on the isolalion of pepsin. Besides 
pepain, anolhor fcrrucnt. tbe " renni't ferment," U iuoluded in the gaatrio jaioe, 
and this is mid to cause ttie oongulatiou of milli intbestooiKob. Nuthing in known 
oaucemiug the pbysiologioal import of lennet-ooAgulatioit. I therefmu omit all 
BcooQut here, and refer the reedier to tlie worlu of Uammanton (^I^kare/ltramingt 
fVlrhaTi<UtDifar,*al,viii.p. 63; ls72: vol.ii. pp. 303, 153: l874)of wbieh aoompleta 
nbstraet will be I'ouud in Mule's JiihTetbericht /iir Thierdtemir.. "Zur Keuntuisa 
drs Caseius u, det Wirbuug des LabfermenteB : " tIpeaU, 1877. Alex. Sohmidt 
"Beitreg zur Kennliiiai der Milcb:" IKirpat, 1874. See Lecture X. for au 
aooount of renaeuln. 
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present time it has been the custom to regard free acid as 
being only of uee in rendering the action of pepsin possible. 

But we cannot be content with this explanation ; we know 
that the pancreatic ferment acts even more energetically than 
the gastric juice, and that it is most efficaciona when the 
reaction is faintly alkaline. Why should the gastric glands 
have the severe labour of separating free hydrochloric acid 
from the alkaline blood, if the organism can effect its purpose 
by much simpler meana— by the accretion of an alkaline 
fluid ? The frtie acid must have some other signification. 
At the present day, when our knowledge of putrid fermenta- 
tion and the meana of combating it has so much increased, 
and when we have found that free mineral acids are to be 
oounted among the most effectual antiseptics, it is not un- 
reasonable to attribute this function to the free hydrochloric 
acid of the gastric juice. It has the duty of killing the 
micro-organisms which reach the stomach with the food. 
These would otherwise set up procesaeB 6i decompoaition in 
the alimentary canal, and thus destroy a part of the food 
before its absorption, whilst the products of decomposition 
would produce disagreeable symptoms, or even, as a cause of 
disease, endanger life. 

N. Sieber,* in Neacki's laboratory in Berne, determined 
the strength of the hydrochloric acid which suffices to prevent 
the development of putrefactive organisms in substances 
capable of putrefaction, and arrived at the following results. 

If 50 grms. finely chopped meat were put into an open 
flask with 300 c.cms. of a O'l per cent, solution of hydrochloric 
acid, only a scanty development of micrococci and bacilli 
took place in twenty-four hours. After forty-eight hours 
they had somewhat increased, and on the third day tbe fluid 
presented a distinctly putrefactive odour, and a weakly acid 
reaction. 

When the experiment was made, ceteris paribus, with 0'2S 

* S.Biehw,JouTn./.praJit. CAcn., t<i1. xix. p. 133 i 187B. 
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per cent, hydrocliloric acid, isolated non-motile organiatna 
were not found till the seventh day, and pronounced forma- 
tion of mould not until the ninth day. 

In a third experiment carried out, ceteris paribus, with 
0-5 per cent. HCl, "no trace of putrefaction" appeared 
until the seventh day. 

Mtquel • attained the same resiUt, finding that from 0'2 
to OS grm. mineral acid was sufficient to render 100 c.cms, of 
bouillon incapable of undergoing putrefaction. 

In the gastric juice of a dog— obtained from a gastric 
fistula, and from which all admixture with saliva had been 
prevented by previous ligature of all the salivary ducts — 
C. Schmidt t found in eight analyses, from 0'25 to 0'42 per 
cent. HCl, the mean of the eight analyses being 0-93 per 
cent. Heidenhaiu i found in the secretion of the glands of 
the cardiac end of the stomach, § by means of titration in 
thirty-six cases, from 0'46 to 0'58, as a mean 0*52 HCl 
per cent. 

In Hoppe-Seyler's laboratory. |j the free acid contained 
in the undiluted gastric juice, obtained from a man by the aid 
of the stomach-pump, was determined ; O'S per cent. HCl 
was found. 

We thus arrive, then, at the striking result, that the 
quantity of free hydrochloric acid in the gastric juice exactly 
corresponds to the quantity which is necessary to prevent the 
development of putrefactive organisms. This coincidence 
cannot be accidental. 

It might be objected to this that the gastric juice is diluted 
by the saliva and the food. On the other band, it must be 
remembered that, owing to the constant peristaltic action of 

* Miqucl, " Centralblatt t. allgem. desuDdbeitspflege," vol. U. p. 403: 18B1. 
t Bidiler nnd Sirhtnidt, Ine. eit., p. 61. 
: Heirtenhnin, Pfliiper'a Arch., vol. lii. p. 163 : 187D. 

§ The metbnd of obtaining Ibe secretioa Emm those gkndi wiU b« dii<ciu«i»d 
UteronCs™ p. 16S). 

g Diouji Bubo, Zaittelir./. phyi. OAtm., vol. L p. 153 : 1877. 
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tbe stomach, different portions of its contents are eonstanl 
being brought into contact with the secreting wall, and con- 
sequently into contact with hydrochloric acid of the strength 
requisite to kill bacilli. In fact, under normal conditions, 
pronounced putrefactive decomposition never occurs in the 
stomach. But if, under pathological conditions, the secretion 
should be interfered wth, the processes of fermentation and 
decomposition may reach a very high degree. 

The antiseptic action of tbe gastric juice was noticed more 
than a hundred years ago by Spaltanzani.* He found that by 
moistening meat with gastric juice he could prevent decom- 
position for many days. But when, fHerix parilmii, water 
was used instead of gastric Juice, an unbearable putrid odour 
was speedily developed. A snake had swallowed a lizard. 
After sixteen days Spallanzani opened tbe stomach ; the 
lizard was half digested, but gave no odour of decomposition. 
Spallanzani even observed that the gastric juice not only 
prevented decompoBitioii, but stopped putrefaction which had 
already begun. He found that when decomposing meat was 
introduced into tbe stomachs of various animals, it lost its 
putrefactive character after a time, and particularly its putrid 
odour. 

A strong point In favour of the view that the antiseptic 
action of the gastric juice constitutes its chief importance is 
found in the fact, that in a whole series of the lower animals, 
the commencement of the alimentary canal secretes a fluid 
very rich in mineral acid, but containing no ferment, and 
having no special action on the food. This important fact 
was first noticed by the zoologist Trosohel-f He was making 

" SpalUnnuu, " EiptrienPei tar la digerfion," Tmd. pur Seoebier, pp. 95, D7, 
115, 320, »30, nouvelle 61) t. : Geufeve, 17H4. This wutk ia ii[roii);ly lo be 
recommeDded to joung phjaiologUla, «s so eiuuple of itupsrtiBl inveBtigatimi, 
logienl ouDvliieions, indomitable ecepticUm, and llie putett enjofment of truth 
(bi it* own Miie. The miuo qualiliea are liiible ia all SpKllBnzaai's other worki. 

t Troachel, FnguendorirB Annal., rol. x«iii. p. 614: IgSl; or Jouru. /. 
prakt. Chem., vol. Uiii. p. 170: ISOJ. 
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a scientific journey with his teacher, JohfttineB Miiller, aud 
whilst in Messina ho examined a large species of mollusc which 
is there found in the sea, the LinHuvi gaka. It so happened 
thftt one of these creatures, whilst being examined, suddenly 
ejected from its mouth a stream of clear fluid, which fell on 
the floor. The latter was covered with marble, and the fluid 
at once caused a violent ebullition of cai-bonic acid. Troscbel 
collected a large quantity of this secretion from a number of 
these molluscs. The weight of one of the molhises amounted 
to from 1 to 2 kgrms., and the two large glands which pour the 
acid fluid into the mouth, and are hence designated salivary 
glands by zoologists, weigh together from 80 to 150 grras. 
On grasping the proboscis of the animal by its trumpet-like 
enlarged end, the secretion is ejected, and can be collected in 
a vessel. The quantity was very small, but amounted in one 
case to fully 6 loth • Prussian weight. It was, therefore, easy 
to collect a quantity sufficient for investigation. 

Tro3che!. on his return to Bonn, made over the whole of 
the secretion to the chemist Boedeker, for analysis. It struck 
Boedeker at once that the fluid displayed no trace whatever 
of putrefaction or fermentation, or of mouldiness, although it 
had been kept for half a year in a stoppered bottle, and that 
it had no smell. The analysis yielded so large a quantity of 
sulphuric acid, that after saturation of all the bases present, 
potassium, sodium, magnesium, a little ammonia, and a trace 
of lime, there still remained 2"7 per cent. H-^SOj. In addition, 
the secretion contained 0'4 per cent, of hytlrocbloric acid. 
These results of Troschel and Boedeker were confirmed by 
Panceri and De Luca.t They found in three analyses of the 
saliva of Volium galea, 3"3, 3'4, 4"1 per cent, of free sulphuric 
acid. They also proved the presence of secretions containing 
free sulphuric acid in another species of mollusc. 

In more recent times, the saliva of Dolium gtdea has been 

• A •' Iplh " » half nn ounce.— Ed. 

t t5. do Luca Bud P. pAMMri, Compl. md., I, Ixr. t>p. ST7, 712 ; 1867. 
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esftmined by Maly,* He lias determined the sulpliurio a 
by titration, and found 0'8 and 0'98 per cent. HjSO,, in two 
determinations. The secretion had no digestive intinence on 
any article of food. Ptoteid and starch remained totally 
unchanged. 

Fredericq t found that the aalivary glands in the octopus 
had an acid reaction. The extract of these glandu had no 
digestive influence. 

We must now ask how this remarkable phenomenon, the 
secretion of the Btrongest free mineral acids from the alkaline 
tissues, is to be explained. 

That the tissue of the gastric mucous membrane does, as 
a matter of fact, give an alkaline reaction, has been shown by 
BriickeJ by the following experiment. He removed a strip 
of the muscular ooat from a rabbit recently killed, and then, 
with curved scissors, cut out a piece of the parenchyma 
of the glands without quite touching the internal surface of 
the mucous membrane. The fragment thus obtained could 
he crushed between blue litmus paper without causing a red 
spot, whilst this was produced at once on contact with the 
internal surface. 

The material for the formation of the hydrochloric acid 
in the gastric glands is nndoubtedly yielded by the blood in the 
form of chloride of sodium, which forms the chief con- 
stituent of the ash of the blood-plasma and of lymph. But 
nevertheless carbonate of soda is contained in both blood and 
lymph, which have, in consequence, an alkaline reaction. 
How, then, is the hydrochloric acid set free from the sodium 
chloride of the alkaline plasma? Two suppositions alone 
are possible. Either the hydrochloric acid is separated from 
the sodium by the aid of some kinetic energy, or the hydro- 
chloric acid is driven from its base by another acid. With 

* Maty, SitsarigAeT. d. k. Akad. d. Wi—cnich. Mathptn. nnturw. ClasBe, toL 
liui. Abth. a. SilzuDg, Tom Man. 11, p. S76 : Wien, 1880. 

t Fr^^ticq, BulUtint de raatd. toy. de Bel^qae, b^. ii. t. ilvi. No. 1 1 : 187S, 
{ BiQcke, fOtUDifibn'. d. ffi'nt. .Iftod., ToL xufii.p. 131; 1859, 
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regard to the firBt possibility, we are only acqnainted vitli 
one kind of kinetic energy whicli is able, outside the organ- 
ism, to separate hydrochloric acid from an aqueons solntion 
of chloride of sodium, and that is the electric cnrrcut. 
There was a period in the development of physiology when 
a tendency existed to aeeribe anything which could not be 
understood to electricity. It was then thought that the 
appearance of free hydrochloric acid in the gastric juice 
could be explained by the supposition of electrical currents 
in the gastric glands. But at the present day this view is 
hardly entertained ; neither are there any valid grounds for 
its adoption. 

With regard to the second Bnpposition, the displacement 
of the hydrochloric a^id by another acid, there was till 
recently a prejudice against it, since it was thought that an 
acid could only be displaced by a stronger acid. The ques- 
tion is, whether this opinion is well founded, and what we 
mean by the terms weaker and stronger acid. The most 
plausible definition is obviously the following: of two acid^, 
the one which requires a greater expenditure of energy to 
separate it from the same base, and which, on reuniting, pro- 
duces more energy, is the stronger. In this sense, as proved 
by calorimetric experiments, sulphuric acid is stronger than 
hydrochloric acid, hydrochloric acid than lactic acid, and 
the latter than carbonic acid. But it is erroneous to suppose 
that the weaker acid is never able to drive out the stronger. 
From the researches of Jul. Thomsen,* we know with cer- 
tainty that every acid drives out a portion of every other 
acid from its union with a base. It may even happen that 
the weaker acid unites with the bulk of the bases present. 
If hydrochloric acid be added to a solution of sulphate of soda, 
heat is absorbed and the temperature of the solution falls: 
more heat is used up in the Beparation of the soda from the 
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>hiiria acid tban is produced by its anion with hydro- 
chloric acid. With the aid of the calorimeter, it ia possible 
to follow theao experiments quantitatively with exactness. 
From the known amount of heat produced by the union 
of hydrochloric acid and salphuric acid with sodium, and 
from the diminution of temperature observed when hydro- 
ctUoric acid acts on a solution of sulphate of sodium, it can 
be exactly calculated how much sulphuric acid is displaced 
by the hydrochloric acid. Tbomsen found that when equiva- 
lent quantities of hydrochloric acid and sulphate of soda 
react upon one another, the hydrochloric acid combines with 
two-thirds of the eodium present, leaving only one-third to the 
sulphuric acid. The weaker acid takes up twice as much as 
the stronger. Strength, as defined above, is therefore not the 
determining factor. We are compelled to form a new idea 
of the different strengths of chemical affinity, and Thomsen 
has introduced the term " avidity " to express this Idea. The 
avidity of hydrochloric acid is, therefore, twice as great as 
that of sulphuric acid. 

Thomson found the avidity of organic acids to be much 
less. The avidity of oxalic acid is four times less tlian that 
of hydrochloric acid ; that of tartaric acid twenty times, that 
of acetic acid thirty-three times, less. If, therefore, equivalent 
quantitiea of acetic acid, hydrochloric acid, and sodium react 
upon one another in an aqueous solution, the acetic acid takes 
;i\ of tbe total sodium; the hydrochloric ^J. If, however, 
more than one equivalent of acetic acid react upon one 
equivalent of hydrochloric acid and one equivalent of sodium, 
more than 3'^ of the sodium unites with the acetic acid, and 
the further increase will be in proportion to the greater 
amount of acetic acid present. This phenomenon is known 
by the name of the "influence of maaa." By tbe influence 
of mass, acids of the weakest avidity are able to unite with 
the bases and to displace acids of the greatest avidity. No 
acid has an avidity = 0. L^ven carbonic acid, feeble as it is, 
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ranst be able, by the influence of masa, to displace a part of 
the strongest acid. 

Finally, we must suppose that even the weakest aoid, 
water, may displace a part of the strongest from their salts. 
If we dissolve neutral chloride of sodium in water, there will 
be, in addition to the chloride of sodium, a small trace of 
HCl and NaOH contained in the solution. In the case of 
certain metallic aalta, which form basic ealta, soluble with 
difficulty, the action of water in displacing the strongest 
mineral aeida can be easily demonstrated. If we dilute a 
solution of nitrate of bismuth with water, the basic salt 13 
precipitated, and we find free nitric acid in solution. In this 
case the mass-influence of the feeble acid is aided by the 
affinity of the strong acid for water. 

The disptacnment of strong mineral acids by weak organic 
aeida may be shown in other ways than the thermo-chemical. 
Maly " introduced into the lower portion of a tall cylinder, 
a solution of common salt and lactic acid, and carefully 
poured water upon it. After a considerable time, the upper 
stratum was removed and analyzed. It was found to con- 
tain more chlorine than was su£Gctent to saturate the Bodiuoi 
that was present. It follows that free hydrochloric acid had 
diffused into the water. 

If we take these facts into consideration, there is nothing 
peculiar in the separation of free hydrochloric acid from 
alkaline blood. We know that the blood always contains free 
carbonic acid, which, by the influence of mass, has the power 
of setting free a small amount of hydrochloric acid from the 
chloride of sodium. The amount may be almost imperceptible, 
but as soon as this small quantity of free hydrochloric acid, 
which corresponds to the free carbonic acid, diffuses away, 
the carbouic acid, by its mass-influence, must again set free 
another small amount of hydrochloric acid, and so on. 

There is, therefore, nothing extraordinary in the occur- 

• M.i1y,LiBbig'»Jnnai.,»ol.(liiiii. pp. 250-257; 1574. 
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reuce of free hydrochloric acid. But what is enigmatical ib~ 
the power epithelial celJa possess of directing the hydrochloric 
acid, hherated from the chloride of sodium, always in the 
one direction towards the excretory dnet of the gastric glands, 
and the carbonate of sodium formed from the carbonic acid 
always in the opposite direction, back towards the lymph and 
Uood-vessela. But this enigma confronts ns everywhere in 
living tissue. Each cell has the power of attracting or re- 
jecting different materials, according to the object they are 
destined to fulfil, and of forwarding them in different direc- 
tions.* 

It is, therefore, no fresh problem that confronts us, in the 
attempt to explain the oocurreuce of free hydrochloric acid 
in the gastric glands, and, in fact, "every explanation of the 
phenomena of nature consists in referring an apparently 
fresh difficulty back to old and well-known problems." 

The mass action of carbonic acid appears also to liberate 
the mineral acids in tlie Salivary glands of Dalivm iialea. 
Pe Luca and Panceri observed that a strong current of gas- 
bubbles arose from the glands when they were cut up and 
immersed in water. The gas, being completely absorbed by 
potash, was therefore pure carbonic acid. A gland weighing 
75 grms. produoed, when covered with water, 200 c.cms. of 
carbonic acid, or nearly three times its volume. It must 
likewise be remembered that the surrounding ffuid retained a 
considerable quantity of carbonic acid, and that the gland 
itself remained saturated with carbonic acid. Thus at least 
four times its volume of carbonic acid was absorbed in the 
gland. As water at an ordinary temperature absorbs from 
an atmosphere of pure carbonic acid its equal volume of 
carbonic acid, we must conclude that the carbonic acid in 
the gland was under more than fourfold atmospheric pres- 
sure; or we must assume that the carbonic acid was in part 
loosely combined. An exact estimate of the tension of 
• Coiii]>nte abovQ pp. 5-G, and 108, and below pp, 171-175, and Lecture XVII. 
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carbonic acid which would prevent the escape of the gas from 
the gland, would help to decide this question. 

It is quite possible that much carbonic acid is also 
liberated in the epithelial cells of the gastric glands, either 
by a fermentative process or by the oxidation of organic 
compounds. 

At the same time, we are not obliged to ascribe the dis- 
placement of the strong mineral acids to the most feeble acid, 
carbonic acid. It is quite conceivable that, in the epithelial 
celle of the glands, organic acids may he liberated by the action 
of ferments from neutral organic compounds ; for instance, 
lactic aeid from neutral sugar, which is invariably a con- 
stituent of blood-plasma and of lymph. It is even possible 
that the strongest mineral acid, sulphuric acid, may be 
liberated, by a fermentative action, directly from a neutral 
compound of sulphur, as, for instance, from proteid. That 
this is possible may be seen from an example in organic 
chemistry — I mean the decomposition of a glucoside, 
myronic acid. 

The potassium salt of myronic acid, a neutral compound, 
splits up by the action of a ferment into sugar, allyl mustard 
oil, and bisulpbate of potash, which latter. Graham* has 
shown, at once decomposes in an aqueous solution into free 
sulphuric acid and neutral sulphate of potash. Besides this, 
free sulphuric acid might also be hberated by oxidation , from 
neutral organic sulphuric compounds. 

At present we do not know by which, of all these conceiv- 
able processes, the strong mineral acids are liberated in 
glandular tissue. I have called attention to these possibihtiee 
60 as not to be obliged to have recourse to electricity for an 
explanation. 

* GniIiitm,LiebigV.4nn>i(.. Tol.lxxvii. p. Sd: 1981. In ndilfiieion experiment 
with biaalphalti uf .potRsiiuin. more Aulphuriu aeid dilTusod than coirt'Spnud^d 
li> the ucid salt, and a little noulral sulpliatu o( potassium orfstallized out iu the 
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The secretion of the free hydrochloric acid does not 
Dccar in all glands of the gastric mucous membrane. The 
mucons membrane iu the region of the pylorus, which, even 
with the naked eye, can be distinguished by its pale colour 
from the rest of the membrane, yields an alkahne secretion 
which only contains pepsin. The glands of the rest of the 
membrane yield an acid secretion which contains pepsin as 
well as free acid. This was shown to be the case by Kle- 
mensiewioz " and Heidenhain t by the following method : — 

By an incision in the linea alba of a dog that has been 
fasting from thirty-six to forty-eight hours, the stomach is 
drawn out by two parallel incisions, avoiding the large blood- 
vessels, the pyloruB-zoue is cut out, the two edges of the 
resected stomach are sewn together, and the organ thus 
reduced in size is replaced. Then the excised pylorus is 
sewn together at one end to form a sac, while the other end 
is sewn into the abdominal wound. By the careful use of 
antisepticB in the treatment of the wounds, and by abatinence 
from food during the following days, the animals are kept 
alive after this severe operation. Heidenhain was able to 
observe one of the dogs, that be had experimented upon, for 
ten weeks. The tough, slimy, clear fluid secreted in the 
isolated pylorus invariably gave an alkaline reaction, and, on 
the addition of 0*1 per cent, of hydrochloric aeid, produced a 
peptonizing action on albumen. As dilute hydrochloric acid 
by itself cannot convert proteids into peptone at the tempera- 
ture of the body, we must assume that the pyloric secretion 
contains a ferment. 

In a similar method to that adopted for the pylorus, 
Heidenhain isolated a rhombic portion of the fundus of the 
stomach, converted it into a sac, and attached the open end 
to the abdominal wound. A dog thus operated upon was 

• ^ado\[ KhmeDBifvicz, SittungihfriBhIf der ITienw/JIad., Mntli. nal. ClasBe, 
voLIxxi. (arliii. p. 219: 1875. 

t Heidenhain, PflUgar'B .ircA., vol. iviii. p. I(J9; 1H78; and vol. lii p. 118; 
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bWrved for five weeks. The secretion collected from the 
abdominal wound always posseBBed an acid reaction, and 
manifested a pronounced peptonizing influence, showing that 
it also contained pepsin. 

Still further progreHs has been made in determining 
exactly where the hydrochloric acid first originates, and 
special cells of the gastric glands, the so-called border-cellR, 
are regarded as its place of origin. The reasons which are 
adduced in favour of this conclusion are by no means eon- 
vincing ; but it would lead me too for to consider the whole 
question in detail.* 

Since it is possible to keep an animal ahve after resection 
of the pylorus, the question arises as to whether the whole 
stomach might not be removed without destroying life. Such 
an operation would be likely to give ua much information 
concerning the true importance of the stomach. 

Czemy, the eminent surgeon, and his assistants, Kaiser 
and Scriba, carried out this operation on dogs. In the year 
1878, Kaiserf published the result of the operations, and 
communicated the facts that, of the doge in which the 
stomach had been almost completely removed, one had sur- 
vived three weeks, another — operated on December 32, 1876 
^was still living. At first the animals were only fed on very 
smalt quantities of milk and pounded meat, as otherwise 
vomiting ensued. The second dog, after a two months' 
interval, required no further care, and ate ordinary food like 
the other dogs. The weight of the dog before the operation 
was 5850 grms. ; after the operation it fell to 4490 grms. by 
January 22, but then increased again till it amounted to 
7000 grms. on September 10. 

In Leipzig, in the year 1882, Ludwig and his pupil Ogataf 

* Ad noconnt of tha literature on tliia qiieatlon is given in tlie ohnpti-r," Phj- 
sidlogiEi der AbundeiutigsTaiginge." by Heidetiliain, iu Uermatm'« Bandlmeh der 
I'hijtM.. vn\. V. part i. : Leipzig, 1883. 

t F. F. KuLier, ia CzerDj'* " Duitrftge xiiroperRtireiiCiururgie,"p. 141 : 1878. 

i M. OgaU, Da Boil' ArOt., p. 69 : 18B3. 
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wore engaged in inveBtigating tbe functions of the Btomai 
It occurred to them that it would be interesting to learn what 
had become of Czerny's doga. Ludwig wrote to Heidelberg, 
to Czerny, who answered by sending the dog in a. perfectly 
healthy state to Leipzig. It was in excellent spirits, and 
ate all kinds of food with a keen appetite. The fKces were 
normal. In oonaequence of the abundant food it pat on 
weight, and it did not appear to differ in any way from an 
ordinary dog. With Czerny's consent, the dog was killed in 
the spring of 1882. " The post-mortem showed that only a 
very small portion of the cardiac end of the stomach re- 
mained, and this was dilated into a small caTity filled with 
food." The dog had therefore hved for more than five years 
without a stomach. 

Ludwig and Ogata ' adopted another way of excluding 
the stomach from participation in the functions of digestion, 
and of observing what variations from the normal course of 
events were then produced. They introduced the food 
directly into the duodenum, by means of a fistula which 
had been estabUshed close to the pylorus, and then closed tbe 
pylorus by means of a gutta-percha ball provided with a long 
tube which projected from the fistula, and by means of which 
tbe ball could be bo filled with water that tbe passage from 
the stomach to the duodenum was completely out off. 

In this way it was possible to introduce, at one time, very 
large quantities of food, such as pounded egg and minced 
meat, into the duodenum without causing any disturbance. 
Two injections per diem were sufficient to maintain the 
animal's weight. The food was almost completely used up, 
and the fieces exhibited normal characters, such as are 
observed in feeding by mouth. Tbe only exception was, that 
sometimes tbe connective tissue of tbe food was not quite 
so completely absorbed as is normally the case. It was, how- 
ever, not a matter of indifference whether the food was pre- 
■ M. OesU, lot. eil.. p. 91. 
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viously cooked or not. For inBtanoe, minced meat was only 
completely absorbed if given raw. If adrainistered after it 
had been bailed, it was ejected prr anwin a few hoars later, 
but little or entirely unaltered. Minced pork behaved in an 
opposite way, and was more completely digested after having 
been lightly boiled than when given raw. 

Ludwig and Ogata conclude from their observations that 
the stomach is nut necessary to satisfy the requirements of 
digestion, either as a reservoir of food or to produce the 
gastric juice. 

No experiment was made in which a dog, after removal 
of the stomach, was fed by the direct introduction into the 
intestine of putrid meat, a diet which agrees very well with 
normal dogs. The chief function of the stomaoh would at 
once have been evident had this been done. 

The antiseptic powers of the gastric juice have, like most 
things, a limit. Certain bacteria, and among them patho- 
genic organisms, eshibit, especially in their aporti stage, such 
a resistance to chemical agents that the liydrochlorio acid of 
the stomach does not kill them. Thus Falk * observed that 
the tubercle bacillus was not acted upon by gastrio juice. 
Anthrax virus, taken from the s^ileen of animals which had 
died of splenic fever, was rendered inert both by gastrio juice 
and by a U'll per cent, solution of hydrochloric acid. The 
spores of anthrax bacilli were as a rule not afTected by dilute 
hydrochloric acid or gastric juice, though they were in a few 
eases. These statemeuts have been fully confirmed by 
Frank.t 

The comma bacillus, which is said to cause oholera, 
is very easily killed by dilute hydrochlorio aoid. In oonsc' 
quence, it is not possible to infect animals by administration 
uf the comma baoillus by the mouth. But it is possible some- 
times to excite attacks resembling oholera, by injecting pura 
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cuUivatioas of tliis bacillus into the small inteBtine, or unc 
tlie etomftcb, after previously washiug out the organ with 
soda solution." The bacteria which produce lactic and butyric 
fermentation appear to be more resistant to hydrochloric acid ; 
at any rate, they are found very frequently, probably always, 
in the human intestine, t and after eating carbohydrates, ii 
email amount of lactic and butyric acids is probably always 
found in the stomach. It has often been asserted that thi^ 
decomposition is produced by unorganized ferments, but it 
has never been strictly proved.! In the normal freceaof man, 
other species of bacteria are constantly found ; 5 but at 
present it is uncertain whether they get there by the stomach 
or by some oUier way. 

In pathological conditions, as in so-called catarrh of the. 
stomach, when the secretion of tree hydrochloric acid is sup- 
pressed, and the amount of alkaline mucus yielded by the 
surface of the stomach is increased, the reaction may indeed 
bocome alkaline, and then all eorts of bacteria are able to 
grow lusuriantly.il Lactic and butyric acids especially are 
formed in abundance. The presence of acetic acid has also 
been demonstrated ; the latter is probably produced from the 
alcohol, owing to the oiidizing influence of the air which has 
been swallowed. Alcohol arises by fermentation from the 
carbohydrates. Not only does yeast, which has actually been 
observed in the stomach, produce alcohol, but certain varie- 
ties of bacteria appear also to do so.lT 

■ Nioati el Rietsch, Jtev. ScUn., p. 6SS: 1S84; R. Koch, DetiUiAe mrd. 
WoclenwA,, No. 45 : 1881. 

t H. Nothnagel, Centralb. f. die merl WUimich.. Nn. 2 : 1881. 

I Sec Ffird. Mueppe, MiWmil. a. (J. kaiierl. GetuiuDieUiamte.. vol. ii. p. 309: 
Berlin. 1884. Nonaki ii. Siebtr. Journ./. prakt. Chem., vol. xxvi. p. 4il : 18S2. 

$ 8ee B«rtlioI4 BieoRlocb, ZeiU^'hr. f. klin. Meii., vol. rui. p. 1 : 1884; L, 
Bricget, Zeiltehr.f. pliyiiol. Chem., vol- viii p, SOU: 1881. 

I An aiviouiit of the iDicro.orgaoiiiiiB nhieii oacar Jn the itotDBoh under 
pathulogic&l conditinDi, aa well aa ths liteTnluro of tlie subject wili tie fuuad in 
the lTc«ttio of W. de Burj, "BeJtr. znr Kenntiilm der niederen OrgaDumen tm 
Hagcninhalle" (.Areh./. «p. Path., vol. xx. p. 243 : 1885), 

% h. Brieger, ^aUehr. /. phgaiol. Chem., voL viii. p. 308 : IS34. 
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If tlie organic acids reach the cesophagus, they cause 
heart-burn, hy tlie irritation of the inucous membranes of 
the cesophagus and fauces. This symptom is usually treated 
with carbonate of soda or magnesia, without considering 
that the cause is thus increaBed. The free acids are neutral- 
ized by the drug, and the growth of the fungi and fermenta- 
tion proceed more rapidly. The only proper treatment of 
heart-burn would be to recommend abstinence to the patient, 
until the stomach was empty and diaiafected by its normal 
hydrochloric acid. 

The contents of the stomach in a considerable number 
of diseases have recently been examined by means of the 
stomach-pump.' It has been found that the free hydrochloric 
acid is frequently absent in the gastric juice of the patients, 
whilst pepsin is always present-t For this reason dilute 
hydrochloric acid is frequently prescribed as a remedy iu 
dyspepsia. Many practitioners assert that they have obtained 
a favourable result with it. I would, however, warn against 
a too energetic treatment with free hydrochloric acid, espe- 
cially a very prolonged use in chronic gastric trouble. Hydro- 
chloric acid is partly excreted in a free state by the kidneys. 
We are ignorant whether we sliould not be throwing too much 
work upon these organs, and whether we should not injure 



* 0. Uiulinwalil, " Hitthoilun^dn ana der mad, Elinik lu Eonigsberg i. 
Pr.," p. 148 : 1886. The oarHer literature i« diacuucd here. 

t It has freqaently bei:>ii uierted that free hydrooblorio ooid 1b portly or 
oompletal; repluH by lactio acid, even in the Dormnl gastric juice, but spe- 
cially in oortaiu diieaaca. It lias even been oiBetted th&t the absencB of Tree 
hydtociilorio aoid miKht aprre tnt iliagnnatie purposcw, its abseooe hnring 
been re^nrded as inilipntive of rnreiaDiiiR of the pylnrui. A whole BetiL.s 
of ninvenient ninrtiunii Tor the demonat ration of (rre hydrochloric acid have 
iiIbo been iidsBQceii. But those Icata huTe nut pm*ed rt-liable, Dor has the 
alMpnce ttT tree hydrocli]i>ria acid oh b sign nf a delinite malady been fouDd to bn 
trustworthy. Jiiet an llllle lias the presence (if lactic aoid as a oonBtiturnt of 
normal g»«fric juioe been pruned. It wonld appodf iJiat the laotio acid found iu 
the slomu'ih never oomei Fmia the gailno glands, but always from the carbohy- 
drat(>B of the foml. An acainnt of tho cxteU'Uve literature on this subject will 
be found in Deutieh. Anh. f. kiln. Mt-^., vnl. txiix. p, 233 (ISMG), liy J, Ton 

Meringand A. Calm, entitled "Die £&ui'en iXet geranden uud kcanken MnK^Qs.". 
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their tisBue, by a too prolonged use of it. We are also 
unaware what other tissues are affected by the hydrochloric 
acid on its way from the stomach to the kidney, and what 
variations from their normal chemical processes it causes. 
So long as we are ignorant on these points, we must be 
cautious in the use of powerful remedies like free mineral 
acids. In most cases, the best advice would perhaps be that 
of abstinence, until the whole lining of the stomach has 
become disinfected by normal, undiluted gastric juice. Even 
in weakened and anaemic individuals, abstinence is perhaps 
more effectual than hydrochloric acid and pepsin, accom- 
panied by more food than their instinct tells them they can 
dispose of. The administration of preparations of pepsin 
and of pancreatin is a useless measure. 

It should also be noted that to begin a meal with soup, 
and to drink much during a meal, are not rational pro- 
ceedings ; because the gastric juice becomes too much diluted, 
and loses its disinfectant properties. There is an ancient and 
good dietetic rule, not to drink for an hour or two after 
eating, when thirst is actually felt. It is noticeable that to 
the healthy instinct of children soup is repugnant. At 
periods when cholera is prevalent, it is advisable to avoid 
all voluminous foods and to reduce liquids to a minimum, 
so that the whole contents of the stomach may be impreg- 
nated with hydrochloric acid of the necessary concentration. 

The question as to why the stomach does not digest itself 
is one which has caused much discussion. The tissues of 
the stomach consist entirely of digestible matter — proteid 
and gelatin. In fact, as soon as life ceases, self-digestion of 
the stomach takes place. In post-mortem examinations, it 
is common to find a part of the mucous membrane of the 
stomach softened or dissolved, and this phenomenon is espe- 
cially marked in the bodies of healthy and powerful indivi- 
duals who have met with a sudden death in the midst of 
full digestion. The old doctrine, that the '' softening of the 
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stomach " was a patbological process going on daring life, ia 
now definitely rejected." The reason wby the proceaa o' 
digestion does not proceed further in the dead body is due to 
the process of cooUng down which takes place. 

If a dog be killed during digestion and the body be kept 
warm, we find, after two or three hours, not only a eelf- 
digestion of the stomach, but also of the neighbonring parts, 
liver and spleen. Why does this solution not take place 
in the hving animal ? This question was taken up by John 
Hunter. t who supposed tliat "the living principle " hindered 
self-digestion. CI. Bernard J thought to refute this view 
by the following experiment. He placed the leg of a living 
frog into the gastric fistula of a living dog. The leg waa 
soon digested, and the frog remained alive. The living 
principle had not, therefore, protected the frog. Pavy 5 
introduced the ear of a live rabbit into the gastric fiatula of a 
dog. A large part of the ear was digested in a few hours, 
the tip being entirely dissolved. 

Pavy I! thought that an explanation of the power of 
resistance possessed by the living gastric mucous membrane 
was to be found iu the quantity of Wood contained in it. 
He supposed that the constant rapid rush of alkaline blood 



• EltiviseT'e "DieMBB-enHrweLobunEderSnilglingB'^SIntlgartaiidTiiliiogen, — 
I8ie). ilioald be read In tliis connection. The aariicr lilcratiirB is alaa critically 
treated Lere. Tbo mist pronirDcnt pathologlcnl HDatomiets and nicdioal men 
liare adopted Ela'dneer's vieir, Utat the wtflflning of tlie atonuieh ii a poat-morteni 
prooen. It in od|j in tit; rare and exceptimnl Inalances tbat lofteDiDS and 
pettonMoa of the alaniach mt in before death. See W. Mayer, " Gastromalacia 
ante mortem," Dissert, inaug. Eriang: LeipriR, 1871, 

t J. Hunter, "On tbo Digeetion of the Stomach aftrr Death." Phil. Tmni. : - 
Jone 18, ITT'2 ; and ~ ObKrvaliona on Cerlain PiirtH of tile Animal Economy : " 
London. 1780. 

X CI. Bernard, " Le«ODB de phjBiologie e»pi?ri(ii.." etc.. II. p. 406 ; ParTi, , 
1856. 

S F. W. Pavy, " On tUe Oattric Jnice." etc, Ovy't EatpOal Seporli, vol. ii. 
p, 265; 1856. ' 

II P. W. Pavy. ■■ On the Immnnity enioyed by the Stomach froiiibein|?dig¥«tNl 
by it< own Secretion during Life," PhU. Tram., vol. ctiii. part t. p. 161 : 1868; 
ud ■■ Ou OBBtn« Eroiion," Ouy'j Eaipital Etporli, vol. xiii, p. *94 : 1868. 
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and alkaline lymph through the tissues, did not allow I 
pepsin, v?hich can only peptonize in acid solution, to do 
its work. If the circulation were arrested, eelf-digestion 
began. Pavy showed that, after tying the blood-Tcssela of 
the Btomach in dogs, a part of the mucous tnembrans was 
digested ; in rabbits, even perforation of the stomach set in. 
lie opened a dog's stomach, and ligatured a portion of the 
opposite wall so that the piece that was tied hung into the 
stomach, and the piece was digested as if it had been 
swallowed. Pavy concludes from these experiments that the 
alkalies in the blood prevented seU-digeatiou ; and this inter- 
pretation has been commonly accepted. But the conclusion is 
not correct. The alkalies are not the only things carried to 
the epithelial cells by the blood. The blood brings to the 
glandular cells everything which is necessary to fulfil their 
functions. If the supply of blood bo cut off, those vital 
functions which resist the action of the pepsin ferment must 
also cease. Why does not the pancreas digest itself, as 
pancreatic ferment is effective in a, neutral and alkaliuu 
Eolution ? 

Here we are face to face with an unsolved problem. But 
it is not a new one ; as the epithelial cells of the gastric 
glands liberate free hydrochloric acid, and still remain alka- 
line, so the epithehal cells of the pancreatic gland secrete 
the ferment, and themselves remain free from ferment. We 
see the same thing going on in every vegetable cell. The 
fluid which surrounds the protoplasm of the cell is acid, the 
cell itself, like all contractile protoplasm, is alkaline. The 
liquid round the protoplasm is frequently brilliantly coloured, 
while the cell itself, which produces the colouring matter, ia 
colourless. ' But as soon aa life ceases, as soon as tho vital 
phenomena, the visible amoeboid movements, stop, the incom- 
prehensible power of selecting substances likewise disappears; 
the laws of diffusion are in no way interfered with, and the 
protoplasm becomes tinged with colouring matter. This in- 
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explicable power of separating and distributing the substances 1 
according to the object in view is possessed by every cell i&l 
out bodies (compare p. 104, and Lecture XVIl.). 

Pavy relies upon the fact, that eelf-digestiou occurred after 
the introduction of large quantities of acid into the stomaoh, 
even when the circulation was not disturbed, to prove bit) 
view that circulating blood prevents self-digestion only by 
its alhalinity. In this case, Pavy considers, the alkalies do 
not su3ice to prevent the action of the acids. He injected 
H oza. (= 93 grms.) of dilute hydrochloric acid, which con- 
tained 3 drms. ( = 12 grms.) HCI, into the stomach of a dog. 
liiid at the same time tied the pylorus aud the cesophagua, 
iivoiding the vessels. The dog died in an hour and forty 
minutes, and the post-mortem which was immediately made, 
showed BolutioQ of the gastric mucous membrane, and per- 
foration of the wall of the stomach at the cardiac orifice. 
But this experiment does not justify any conclusion. The 
amount of hydrochloric acid injected was much too large. 
Pavy might have destroyed the wall of the stomach equally 
well with potash, 

It has often been attempted to refer the origin of the 
rouud gastric ulcer to self-digestion. But the danger of self- 
digestion ia by no means so great as was formerly believed, 
It has been shown, by numerous researches, that the wall 
of the stomach has a decided tendency to heal rapidly after 
wounds of the most varied description. This is conclusively 
proved by the favourable results of operations on the stomach 
in animals and human beings. The most plausible hypo- 
thesis on the cause of the gastric ulcer has been advanced by 
Yirchow,* who considers that some kind of distarbance 
in the circulation ia at the root of the disease. And, ia 
fiict. Panumt succeeded in producing baemorrhagic infarc- 
tions with the subsequent formation of ulcers in dogs, by 

• Vireliow in hiB Arch.. toI. v. p. 281 ; IMS. - 
t Pkuqiu, Viroliow'» Ardt., vol. sx«. : ISUa. — 
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embolic plugging of the smallest arteries of the gastric 
mucous membrane. These results are quite in harmony 
with Pavy's above-mentioned experiments. But it has very 
rarely been found that thrombotic or embolic plugging 
precedes the round gastric ulcer in human beings. It has, 
therefore, been assumed that the round gastric ulcer was 
caused by abnormal increase of acid in the gastric juice, 
or in the contents of the stomach. But this supposition is 
utterly unsupported by fact. It is also to be noted that the 
gastric ulcer is generally situated in the pylorus and in the 
small curvature, very seldom in the fundus, where the acidity 
is greatest. The aetiology of the Ulcus ventriculi is still 
involved in obscurity. 

I must not omit to mention that one of the functions of 
the stomach consists in the absorption of nutritive substances. 
The process undoubtedly commences in this section of the 
digestive tract. But we do not yet know to what extent each 
separate kind of aliment is here absorbed. The technical 
difficulties to be encountered in experiments on this subject 
have hitherto proved almost insuperable, and some of the 
results are contradictory. For information on the present 
state of the question, I recommend the treatises of Tap- 
peiner,* Anrep,t and Meade Smith. J 

• BL Tappeiner, "Ueber Besorption im Magen," Zeitsehr.f. Biolog., vol. xvi. 
pp. 497-507.: 1880. 
_ t B. von Anrep, ** Die Aufsaugung im Magen des Hundes," Du BoiV Arch.y 
pp. 504-614 : 1881. / '/ ^c^ 

X R. Meade Smith, Du Bois* Archf,^ 481 : 18^4 (Experiments on frogs). 
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LECTURE X. 

THE PB0CESSE3 OF DiaEBXION IN THE IMTEBTIKE — THE PANCBEATIC 
JUICE AND ITS FEBMENTATITE ACTION — FERMENTS IN OENEBAL 
— THE ACTION OF THE PANCBEATIC JXHCE ON THE CARBOHY- 
DRATES, FATS, AND PROTEIDS — THE NATURE AND IMPORTANCE 
OF PEPTONES. 

The time during which different articles of diet remain in 
the stomach of human beings varies very greatly. It does 
not depend only on the quality of the food ; it also increases 
with the quantity. The mechanical condition, the degree 
to which it has been masticated, likewise affects it, as also 
the intensity of the preceding hunger, and especially the 
state of the stomach at that moment, a state which depends 
on many physical and psychical influences. Nunierous 
observations on people with gastric fistulse* have shown 
that the food remains in a healthy stomach from three to ten 
hours. In. disease the time i& often much longer, as modem 
experience has discovered by means of the stomach-pump. 
The emptying of the stomach goes on very gradually in 
small portions at a time. Busch t observed this in a wdman, 
who, in consequence of a wound inade by a bull's horns, 
had an artificial anus a little below the dilodenum, from 

** W. Beaumont, '♦ Experiments and Observations on the Gastric Juice, and 
the Physiology of Digestion," reprinted from the Plattsbnrgh edition, by Andrew 
Combe, Edinburgh, 1838; O. von Griinewaldt, "Succi gastrici hupaani indolies 
j)hy8ic. et chem.," etc.,. Dissert. : Dorpati, 1853 ; F. Kretschy, DeuUchi Arch, f. 
hlin. MecL, vol. xviii. p. 527: 1876; Jul. Uffelmann, ilrcfc. /. Jdin. Med., vol. 
XX. p. 536 : 1877. 

t W. Busch, Arch.f.paUi, Anai. u. Physiol, vol. xiv. p. 140: 1858. 

N 
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which tbe contentB of the Btomach oozed out. as they were 
unable to reach the other openiu^^ of tbe Binall intestine. 
The first portions of food appeared in the fiatalous opening 
as early as from fifteen to thirty minutes after being 
swallowed. 

Three new secretions, all of wbicb yield an alkaline 
reaction, act immediately upon the food when it reaches 
tbe iuteBtine ; they are the pancreatic juice, the intestinal 
juice, and the bile. By their means, the chj-me, which is 
the name given to tbe acid conteat.i of tbe stomach, is 
gradnally neutralized, and usually presents an alkaline 
reaction in the lower part of tbe intestine. 

The PANCREAS is the digestive gland par excellence. Ita 
secretion, so far as we know, has no other action than a 
digestive one; it effects chemical changes in all classes of 
food, and prepares them for absorption. The proteids are 
peptonized, starch is split up into soluble carbohydrates, tbe 
fats into glycerin and fatty acids. There is scarcely any- 
animal which does not possess a secretion with an action 
analogous to that of the pancreatic secretion. Tbe inverte- 
brates have neither a peptic digestion nor have they bile. 
But a process analogous to pancreatic action has been found, 
wherever it has been sought.* It can even be recognized in 
tbe lowest organisms, the bacteria : a fluid containing 
bacteria acta on tbe three main classes of foods just like 
the pancreatic juice. The pancreatic ferments have only 
been fonnd absent in a few intestinal parasites. f This is 

• lioppe-Ssyler, " Ueber die UntemchioHa im ohomisoheo Bnu nod ier 
Verdauung hotierer nnil niederer Thiers." Pflager'g Anh., vol. lir. p. 395 1 
1877, Compare also the piumepona and oomprehoDsiTe worka on thia subject by 
F. Plateau in tha yours 1874-1877. und the worka of FnSMriiyj iiud Kiukeaber^ 
nf the same time. An acoonnt of the literatars on tbe dicestiou i>( tho Jnwer 
nnimuls hn beeu given by Krukenberg, " Verglebhond phTaio]n(;iaoha Voiliige," 
IL : " OruiidiilgB oiner TergleiohondBn Physiologio der Verdauang : " Heidelbe^, 
18B2. 
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perfectly clear for teleological reasona : tbe organiams are 
always floating about in food that has been already digested. 
Before proceeding to consider the modes of action of tlie 
pancreatic secretion in mammalB and in human beings, 
together with the cbemical changes which it causes in the 
three groups of food-substances by its ferments, we will first 
state clearly what is known concerning the nature and 
character of ferments. 

We will first restrict ourselves to facts derived from 
observation. Probably no one has even seen ferments. 
What can be seen and observed is merely the process of 
which the hypothetical ferment is the exciting cause. This 
process consists, ia all cases, in the fact that a complex 
compotiad splits up into a more simple one, while kinetic 
energy in tbe shape of heat is set free. Therefore, in all 
these processes potential energy is converted into kinetic 
energj'. The atoms pass from an unstable into a stable 
arrangement. Stronger affinities are hereby satisfied. To 
adopt the terminology already defined (pp. 89-41), the ulti- 
mate cause is the potential energy stored up in the complex 
molecule, the effect is kinetic energy, and then we have to 
seek the " exciting cause," the " impetus," the "liberating 
force." These are termed ferments in some cases, but not 
in all. What, therefore, have the liberating forces in all 
these various processes in common, and what distinguishes 
them from each other? This can be clearly shown by a 
series of examples. 

"Glyceryl trinitrate, so-called nitro-glycerin, splits up into 
carbonic acid, water, nitrogen, and oxygen : 

2 [C;^. (ONOJJ = 6C0, + 5H,0 + GN + 0. * 

A very considerable amount of heat is developed. A highly 
unstable atomic arrangement ia converted into a stable one. 
The oxygen, which has a very a^ht atiinity for nitrogen, 
but u very close aOinity for carbon and hydrogen, was, in 
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tbe original molecule, combined with nitrogen, but in 
smaller molecules, resulting from tbe decomposition, is united 
with carbon and bydrogen. The impetus is given by me- 
chanical means, snch as a knock or a blow, therefore by 
motion, or by heat, soch aa a flame, another form of motion. 
Nitrogen trichloride splits up explosively with great develop- 
ment of light and beat into nitrogen and chlorine : 
NCIa -f- NCI3 = N, -f CI, -I- CI, + CIi. 

Here again the tmstable atomic arrangement is converted 
into a stable one. Stronger affinities are satisfied. For 
many reasons, we are compelled to adopt the conclusion that 
the elements, in an uncombined state, do not consist of single 
isolated atoms, but are united into molecules. The affinity 
of nitrogen atoms to each other, and of chlorine atoms to 
each other, is obviously stronger than tbe affinity of chlorine 
atoms to nitrogen atoms. The impetus to the rearrange- 
ment of the atoms is given by some meelianical means or 
by a rise of temperature. Nitrogen teriodide, the formation 
of which is analogous to that of nitrogen trichloride, explodes 
even more rapidly, if acted upon by certain periodic move- 
ments, wave-motions of a definite rate of rapidity and length 
of wave. It may be shown that it does not explode on a 
deep, but that it does so on a high-toned plate or string. 
This phenomenon is evidently analogous to the responsive 
vibrations of certain elastic bodies when struck by wavee, 
which proceed from another sounding body. This responsive 
vibration is known to occur only with notes of a definite 
pitch. So that we may also imagine that if the vibrations 
which act upon an unstable molecule have a definite wave- 
length, the atoms of this molecule are thrown into corre- 
sponding vibration, and this suffices to overcome the slight 
attraction of the atoms to one another, and thus to produce 
a conversion into more stable compounds. 

The explosion of tbe nitrogen trichloride can also be 
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brought about by contact with various sabstanceB, Buch 
as phosphorus, phosphorus compounds free from oxygen, 
selenium, arscnie, some resins (other kinds being inert), 
non-volatile oils, etc. Here too we might imagine that, from 
the various molecular vibrations of these substances (which 
we call heat), we get a certain resultant vibration which 
coincides in wave-length with that of one of the constituents 
of the nitrogen trichloride molecule, and so occasions its 
decomposition. 

Chlorate of potash splits up into chloride of potash and 
oxygen. The dissociation is set up by the application of 
heat. But the rise of temperature need not be nearly bo 
high when certain substances are present, such as binoxide 
of manganese, ferric oxide, or oxide of copper. The presence 
of these substances probably so modilies the heat-waves, that 
the atoms of the chlorate of potash are more easily thrown 
into responsive vibrations, and thus decomposed. 

Peroxide of hydrogen decomposes on contact with platinum, 
gold, silver, binoxide of manganese, etc. In these cases it 
is called an effect of contact, or a catalytic effect. We can 
form the following hypothesis of the process which goes on 
here, as in the cases above cited: the substance which acts 
" catalytically " exercises an attraction on one of the atoms 
in the unstable molecule. It does not unite with the atom, 
but the unstable arrangement of the atoms in the molecule 
is altered to a stable one. 

Grape-sugar splits up into alcohol and carbonic acid : 

CcH^O, = 2C0, + 2CjH,0. 

When this takes place, a direct rise of temperature can be 
proved. This is in accordance with the fact, that the heat 
of combustion of alcohol Ib less than that of the grape-sugar 
from which the alcohol arose. Thus a part of the potential 
energy stored up in the sugar is converted, through decom- 
position, into kinetic energy, into heat. The atoms of the 
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tiave passed from an unstable into a stable t 

ment. Stronger affinitieE have been satisfied. The nature 

of the liberating force is in this case still unknown. It is 

navn, bowever, that the convcrBton only takes place if two 

inditiona are fulhlied : they are, first, the presence of living 

t-cells ; and, secondly, a certain temperature — from 10° 

to 40* C. Judging from analogy of the examples aireaciy 

given, we should suppose that here again a form of motion 

I starts the decomposition. The motion might proceed from 

Wihe vital functions of the cell. But it is likewise conceivable 

■.that certain substances occur in the cell, and that these sub- 

Betanees act in a similar maimer to the catalytic bodies in 

Kibe examples adduced above. The yeast-cells are called " a 

I ferment." 

Cane-sugar splits up into equal quantities of dextrose 
and Iffivulose. Here again there is a development of beat,' 
and again the yeast plays a part. Bat in this case it is not 
requisite that the cell should be living ; an aqueous extract 
from the yeast-cells, killed with ether, is all that ia necessary. 
We may assume that the atoms composing any of the mole- 
cules in this extract are in a state of oscillation, or that 
different molecules oscillate against each other, and that 
rihe resultant of these motions causes the dissociation of tbe 
K molecules of cane-sugar. A theory has been advanced, but 
not yet verified, that the presence of one particular chemical 
individual in the yeast-extract is essential for the initiation of 
decomposition. This ferment has been termed invei'tin-f 
An account of the attempts which have been made to isolate 
the ferments will be given later. 

Starch flour decomposes on boiling with dilute acid, into 
I' moleeulea of grape-sugar. In this reaction the direct proof 
I that heat is produced cannot be given. But we must a 



• A. Kunkel, PflUgot's Anh., toI. ti. p. 509 ; I8T9. 
t Edumr-l Donntli. Srrii-Ue lia .leuUelicii chcm. Ga., vul. v 
i. p. iUSt): ie7»; M. Bartii. ibid,, roL ii. p. 471 ; t87S. 



that this is the case, becaoge the heat of comhnation of the 
grape-sugar is lese than that of starch. The impetus to 
the change may be a epeoial modification of the increased 
molecular movement, due to the heat, in presence of the 
acid ; or we muet suppose that the acid attracts the sugar 
molecuJea contained in the etarch molecule, and possibly 
forms a temporary compound which again rapidly breaks 
tip with absorption of water. The conveiHion of starch into 
sugar is always accompanied hy hydration, which is the case 
in the decomposition of cane-sugar, and probably in all 
similiar decompowitiona. I shall return to this point again. 

Starch Sour also decomposes at a moderate teinperature 
into maltose and dextrin, if it comes in contact with certain 
substances, which are contained in germinating barley, or 
in saliva, and in pancreatic juice. But in this case the 
term ferments is used as indicating chemical individuals. 
But these hypothetical substances are perhaps merely the 
conditions necessary to start a definite form of motion, which 
acts as the impetus in the decomposition of the starch-mok- 
cule. A development of heat cannot be proved when starch 
is broken up by ferments. Maly * even observed an absorp- 
tion of heat. This is explicable in the following way : starch 
flour is insoluble, whereas the products of decomposition are 
soluble, in water. Heat roust be used up in their solution, 
as is always the case in the transit from the solid to the fluid 
state. The amount of heat thus fixed is greater than that 
liberated by decomposition. That heat is set free when 
decomposition takes place follows of necessity from the fact 
that the heat of combustion of the maltose and dextrin is less 
than that of an equivalent amount of starch flour. 

Hoppe-Seyler t and his pupils J have shown that formate 
of lime, by the action of certain bacteria, is split up into 

* M»1y. PflOgei>a Arnk., ToL ziiL p. Ill : ISSO. 
t Hoppe-Sejier, PflOgef'a Ardt., vol. lii. p. 1 ; 1876. 
t Lea Fopofl; PdUger*! Areh., vol. it. p. 113 : 187S. 
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carbonate of lime, carbonic acid, and hydrogen, with 
absorption of water : 

0=0 0=0 

-.0 --0 

^Ca + 2H0H = >0a + 2H« = CaCO, + CO, + H,0 + XH^ 

0=0 0=0 

\H \0H 

Heat is developed in this process. If the bacteria be killed 
by ether, the decomposition continues. This ferment, there- 
fore, behaves like invertin. Sainte-Claire Deville and Debray * 
have made the important discovery, that the same decom- 
position of formic acid into carbonic acid and hydrogen can 
be also brought about by finely divided iridium, rhodium, 
or ruthenium, obtained in a moist condition by reduction. 
Platinum or palladium produced in the same way had no 
action. 

We thus see that a living cell, an organic substance, and 
a metal, all produce the same effect. 

The decomposition of acetic acid into carbonic acid and 
marsh-gas is completely analogous to the decomposition of 
formic acid, and occurs under the same conditions : 

/^H, /-OH 

c=o c=o 

"^O ^^^ 

^ Ca + 2H0H = > Ca + 2CH, = CaCO, + CO, + H,0 + 2CH,. 

^O^ ^O 

0=0 C=0 

^CH, ^OH 

Heat must again be set free in this process, for the heat of 
combustion of the marsh-gas is less than that of an equivalent 
amount of acetic acid. 

From all these examples, it may be seen that wo know 
nothing further concerning the ferments than we do about 
the " catalytic " substances. Their presence is absolutely 
essential to bring about that form of motion which gives the 

* H. Sainte-Claire Deyille et U. Debray, Compt. rend., t. Ixxviii. p. 1782 : 
1874. 
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impetus to the transition from an uoBtable arrangemeut of 
atoms into a more stable one. We speak of a cataljtio cEfoct, 
when the substance to which this effect is ascribed happens 
to he a well-known inorganic compound or an element. If, 
on the other hand, they are unknown organic substances, wq 
speak of a fermentative action. There is at present no reason 
for assuming that there is any essential difference between 
the mode of action of organized ferments — living unicellular 
organisms — and non-organized, "unformed" ferments. We 
may suppose that the process of fermentation is the same 
in both cases ; but we know as little concerning the action 
of the unformed ferments as we do concerning the organized 
ferments. 

The decomposition effected by the organized ferments 
appears to take place in the substance of the living cell, and 
the energy liberated by the decomposition is utilized for 
the vital processes of the cell. In favour of this view can 
be adduced the fact that, in the case of alcoholic fermenta- 
tion, the amount of sugar decomposed in the unit of time 
is inversely proportional to the supply of oxygen. With a 
free enpply of oiygeu, there are two sources for the production 
of the kinetic energy required for the vital functions ; decom- 
position and oxidation. When oxygen is withdrawn, one 
source is closed, and the other utilized the more.* This 
fact is of far-reaching importance for the comprehension of 
the vital processes in the higher animals-t 

In all fermentations the decomposition is always accom- 
panied by hydration, in consequence of which these processes 

■ Brefeld, "Landv. Jnhrb. r. Natlmaiua n. Thiet," heft i. : 1ST4; Verhandl. 
d. WHnbuTger phyi.mcd. QeidUeh. N .F.. vol mi. p. 96 : 1ST4; raatenr, "Etuilea 
aur la biire," chap. Ti. p. 22!l : Furia. Itl76; Uuppe-SojlBr,"UebordioEiiiwirkuug 
dt-a SauuiKtoSea auf GaliruugeD :" Feataobritt, Straubaig, ISSl; Neucki, Arch. 
/. exp. Paih.a. Pkarm.. Tol. xxi. p. 299 : 1886. 

t The fuct ohservod by A. Ftiiikel (Viroliow'a Arclt., vol. livii. p. 283 : I87t!), 
ilinl the doc^oiupoaitiuu of albuiueu gues on tvice u taio, in doga wUeQ tliuir 
Buppljr of oiygcu in dimiiiiabed, is perbaiiit uf a similiu DittuK. Cumparu alHO 
Umiu. Uppeiui«im, PdOfcer'ii Areh., voL uiii, p. 490 : ISSU. 
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can only take place in presence of water. The exeeptiona to 
this rule are only apparent. Tims in alcoholic fermentation, 
grape-sugar (CaHinOa) is decomposed into 2CiH»0 and 2C0i, 
apparently, therefore, without taking up any water. But 
we mast not forget that carbonic acid in watery solution must, 
like all other dibasic acids, contain two HO radicals ; 



C = = 



CO2 + H2O. 



Butyric acid fermentation (C„H,aOs = C,H,Oi + 2C0i + 2H,), 
and lactic acid fermentation (CsHi-jOe = 2C3H„03) also appear 
to form exceptions. From analogy with other processes 
of fermentation, we must suppose that these processes are 
also accompanied by hydration. We must refer the reader 
to the papers of Hoppe-Seyler " and Nencki,t for further 
information on this subject. 

Many attempts have been made to isolate the unorganized 
ferments. It is, in fact, possible to obtam precipitates fi'om 
solutions containing ferments which still retain the character- 
istic fermentative properties. But we have no guarantee that 
these precipitates, which are always amorphous, are chemical 
entities. In the cases in which they have been analyzed, the 
composition has been found closely similar to that of proteids 
and peptones. But we cannot ascertain whether the ferment 
may not form a fraction of the material analyzed, so small 
as not to influence the result of the analysis. 

All ferments are soluble in water ; all may be precipitated 
from their aqueous solutions by alcohol, and are again dis- 
solved by water after their precipitation. Most of them are 
also soluble in glycerin, and may be precipitated from this 
solution by alcohol, J All the previous attempts at isolation 
mainly depend ou these properties, which are, however, 

■ Hopp«-Bfl7ler, PflQ^r'a Areh., vol. zii. p. 14 : 1879. 

t Kenclrf, Joum.f. prakl. Chem.. toI. ivit, p. 105 : 187[1, 

I Vdd Witliclt.rflager'H JreA.,Tol.ii.p.lB3: 1869:uidT0l.iii, p.339: ISTU. 
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to a large number of other constituents of the 
so tha.t other means must be found to effect a 
further Heparatiou. Certain ferments — such, for instance, 
as pepsin — do not diCTuse through animal membranes,' and 
all have a great tendency to be carried down by neutral 
precipitatea.t These properties have also been utilized for 
the purpose of isolating ferments. It would lead us too far 
to give details concerning all these procedures. I must refer 
you to the observations of Briicke,t Dani]ewsky,§ Cohnheim,|| 
Aug. Schmidt.^ Hiifner,** Maly.tt Kiihne,tt Bartb,§5 and 
0. Low. nil 

Every ferment develops the maximum of its activity at 
a definite temperature. This temperature must be different 
in the case of the digestive ferments of cold and warm 
blooded animals ; we should expect this on teleological 
grounds, and it is confirmed by direct observation. By 
treating the gastric mucous membrane of a mammal, re- 
cently killed, with dilute HCl (from 2 to 3 per 1000), a 
80-caJled artificial gastric Juice is obtained which rapidly pep- 
tonizes all varieties of proteid. At an ordinary temperature 
this action is mostly very slight, and it ceases entirely at 

* Knailuikow, "HedicinUkf Wjostuik:" 1864. Diakoaow (^ves a eborl 
nolloe of this work in Hoppe-Sejler'B M«i Chem. Fn(or»., p. 241- See also A. 
Schiiffur, CentraOi. /. d. med. Witenieh., p. 641 : 1866 ; *on WitUch, PaUger'i 
Arch., votv. p. i*S: 1872; Olof Haramaraten, '■ Om pepiiineta indifriuibiUtet," 
Uptala ISknre/Bnnningt/tirhan'HingaT, y6\. »iii. p. 565 : 1873. 

t BrUcke, di7i«»D*bffr. d Wiener Mad., vol iliii.p. 6Q1 : 1861, A.v.Heltzl, 
" Beitrags zur Iichra Tom VertUuiiDgBrerineate des Miigensaftea ; " Darpst, 18&t. 

i BrQoke. Silimgther d. Wiaiter Akad., vol. xiivii. p. ISl : IS59 ; and vol. 
lliii. p. GDI : 1861. 

§ DaoUawsk?, Virebow's Arch., vol. xxv. p. S79 : 1862. 

I J. ColiDheim, VLrchow'a Arch., vol. xiviii, p. 241 : 1863. 

1 Aug. Bchmidt, " Ueber EmulBin imd Legnmia," Dimert. : Tilbingen. 1S71. 

•• Uiifner, Juum./. prabt. Cheia., voL r. p. S72 : 1872. 

tt Malj, PUdgffe Arch., vol it. p. 692: 1874. 

tX Kiihav, Verhandiitng'm det nalurhiil. mod. Vereine tu Bddiiberg, vol. i. : 
1876: and vol. iti. p. 463; 1886. 

55 Barth, "Ziir Keantni»» dee Invotlina," Ber. dtr dfutreh. chrm. Get., vol. 
si. p. 474: 1878, 

1111 Liiw, FflUgei's Ariih., vol xirii. p. 203 : 1882. 
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about 10° G. At a temperature of 0" C, not the least trace 
of digeation goee on. But Fick and MuriBier* found that 
the artificial gastric juice, prepared from the stomach of the 
frog, the pike, and the trout, constantly exerted a peptonizing 
influence even at 0^ Hoppe-Sejler t confirmed these reenlts. 
He found that artificial gastric juice of the pike digested fibrin 
more rapidly at 15° C. than at 40°, most rapidly at about 20°. 
A little above 0° the action was slower than at 15', but still 
very marked. Fiek and Hoppe-Seyler conclude, from these 
observations, that the gaatrio juice of warm-blooded animals 
contains a different ferment from that of cold-blooded. But 
to me this conclusion does not appear at all justified. The 
same ferment may behave differently in presence of other 
substances ; and, besides, we need not, as I have already 
insisted, consider the ferments as chemical entities. Possibly 
the interaction of several substances is necessary to bring 
about the particular form of motion which constitutes the 
impetus to the breaking-up of the complicated molecules. 

Like pepsin obtained from different sources, we find that 
the so-called diastatie ferments, which decompose starch, 
develop their maximum effects at temperatures which vary 
according to the source these ferments are derived irom. 
The diastatie ferments of the pancreas and saliva act most 
quickly at from 37° to 40° C; that of germinating barley at 
from 64° to (53° Ct 

When aqueous solutions containing ferments are heated 
to more than 70° C, the unorganized as well as the organized 
ferments are destroyed. The solutions are found to be in- 
operative, both at this temperature and also when they are 
again cooled down. On the other Land, when in a dry state, 
the ferments may be exposed to a very high temperature with- 

* Muriaicr, Verliandlangcn der phyt. med. GeaelUeJuijt lu WurtbuTg, voi. it. 
p. 120 : 1873. 

t Hoppa-Suyler, PflUger's Areh., vol. liv. p. 395 : 1877. 

X J. Kjeldflhl. "Me<ldel»er fni Carlsbarg Luboraturiet KjiibpiihuTii : 1878; 
Jt^'tJahreiberidU/»rTliionlKmie,p.Sa2: 1870. 
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out losing their power. Hiifjier ' heated his dried pancreatic 
ferment to 100° C. without causing it to become ineffectual. 
Alex, Schmidt t and Salkowski showed that this was also 
the case with pepsin. SalkowakiJ heated pepsin to 150" C, 
and pancreatic ferment and invertin to 160° C. for many 
hours, and showed that they were still active on cooling 
and when mixed with water. It was thought that this would 
serve as a means of distinguishing the unorganized from the 
organized ferments. But more recent investigations have 
shown that the spores of certain bacteria can stand a tem- 
perature of from 110° to 140° C. without losing life or power 
of development, 5 

The power of resisting absolute aleohol has also been 
regarded as characteristic of unformed ferments, and as dis- 
tinguishing them from formed ferments. But the spores of 
certain bacteria possess even this power, Koch || showed, for 
instance, that the bacteria of splenic fever could be kept for 110 
days in absolute alcohol without being killed. On tlie other 
hand, all the spores appear to die when subjected for a long 
period, say thirty days, to ether, which has been found to 
have no effect on the unorganized ferments, Prnssic acid, 
chlorofurra. benzol, thymol, and oil of turpentine are all 
supposed to act like ether in killing the organized, and 
in having no effect upon the unorganized, ferments. 

After these preliminary remarks on ferments in general, 
we will now return to the pancreatic juice and its fermenta- 
tive actions. I have already mentioned that the pancreatic 
juice acts upon all three of the main groups of food-sob- 

• Hllfner, Joum.f. prakt. Ohmi., »ol. t. p. 372: 1S72. 

t Aloi. Sohmidt, Omtralb. /, d. med. Wi$unlrh., No. 29 : 1876, 

t SaUiowakJ, VirchnVs ^reA., vol. Ixx. p. 15S: 1877; and vol. Ixixi. p. 552 : 
1(180. Compare nbo BUppe, MiUhtiL d. KatMrl. QaiaidheitKimUi, vol. i. : 
1881. 

§ R. Koch, und Wolffhligel, 'heC d. Kaiterl. GetartdheiUamtet, vol. L : 
Beclin.lSSl; Mai. Wolff; Vinbon's ' A., vol. oil. p. 81 ! 1885. 

II B. Koch, "Ueber DiBiiifuctiuti," Ulheil. d, Kaiierl. GaimdhtHtamtet, 
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Hta,Qces. To explain these three actions, it has been assaid 
that there are three different ferments, although there ia 
no vaHd ground for such an assumption. Hiifner,* in his 
numerous attempts to isolate the pancreatic ferment, always 
obtained preparations which had the threefold fermentative 
action. 

With regard to the action on cARBOHYCBiTEs, the conver- 
sion of the insoluble starch Boar has been more particularly 
studied. The process of starch -digestion is by no means as 
simple as it was formerly imagined. Till qoite recently, it 
was considered that etarch Qour was altered by the digestive 
ferments of the saliva and of the pancreatic juice, and by the 
ferment of the germinating barley, or diastase, in the same 
way as on boiling with dilute sulphuric acid, when, as is well 
known, starch flour is, by a process of hydration, completely 
converted into grape-sugar (dextrose), whilst dextrin only 
occurs as an intermediate stage. 

But more recent research baa shown f that the amount 

• US^oi, Joum. f. jtrakt. CTirm.,*ol. v. p. 372: 1872. For the eiperimanU 
to UoliLte three differeot lertatmu, see Daoilenik;, Tirchow'B Arch., toL ixv. 
p. 279; 1862; Ltnanitaer, "Einige Verauche Qbor dia Verdauung der EiweiiB- 
korper," DiEftert. : Leipzig, 1864 ; Victor PBsrhiiliu.Du Boi8'Jrcb,p.382: ISTd; 
Kahne, Ttrhandl. d. tuturhiiit. med. For. ™ Hridttb. N. F., vol, i. : 1878. Heidcn- 
bain and his papU Podolioski oome to the concliuioii tbal tbe fenneDt whioh di*- 
■olfes proleid doea not originatG in tbe panoreatio glaad. but is derived fnm 
a BubstaDoe formed in the gland during flcoretiou (I'HIiger'B Areh,, loL x. p. 
557 : 1ST5 ; and vol. xiii. p. 422 : 1ST6). Compare alw> Giov. Weiss. Virchow'a 
AtA., toL Ixviii. p. 413: 187G. 

t HoBouliu, Cvmpt. rmd., t. 1. p. 785 : 1860 : or Am. lAim. et phi/t.. i^r. iii. 
I. Ii. p. anS: I860: Comp. rai±. t. Ixviii. p. 1267: l8C9i U Ixs. p. 857: 1870; 
t. Uxviii. 2, p. 1413: ISTI; Ann. ehim. et phgi., nit, *. t. ii. p. 385: 1874; 
Fajren, Ann. Mm. et pAyi., b^. iv. t. ir. p. 296: 1865; L. Coatarat. Compt. 
rmd., i. Ixx. p. 3S2 : 1870 ; Aug. Sobwarzer. Jonm. f. prakl. Chem. !f. F., toI. L 
p. 212: 1870; E. Schulie d. M&rker. DiTigler'B Pulytechnuehei Joum, fol. wvL 
p. 245: 1872; BrQcke, SOtungtberichtt d. Wiener Akad.. ml. Iiv. part iii. p. 
126; 1»72; 0. O'SulIiran, /oum. o/ CAem. Soc^ aer, u. toI, i. p, 579: 1872; B, 
Sohnlza, Ber. d. deubah. ehem. Get.. voL fiL p. 1048 : 1874 ; N&geli. ** Beitriga 
■ur Kenataiea derStorkegruppe:" Leipzig, 1874: 0. Naase, FflQ^r's Arch., vol. 
sif. p. 473; 1877. Musoulus and r, Hering, ZeitKhr. /. pbyiM. Chem., val. L 
p. 395: 1878; and »oL ii. p. 403: 1878; MusoaluB nod G. Gruber. ZeiUehr. /. 
phytiol. Chen., vol. ii. p. 177: 1S78. Compare aUu tbe review of worki bf v. 
HeriDg. Da Boii' Arek., pp. 389-395 : 1877. 
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of sugar produced forms but half of the entire weight of the 
starch, and that this sugiu* is not grape-sugar, but maltose. 
fCijH.-,Oii + H;0). The remainder is dextrin, and this 
dextrin cannot be converted into sugar by further action of 
the ferments. It has also been discovered that there are 
two varieties of destrin, of which one is coloured red by 
iodine, while the other remains colourless. It has been 
further ascertained that a certain carbohydrate, so-called 
soluble starch, which also gives a blue colour with iodine, 
occurs as an intermediate product between ordinary starch 
and the dextrins. Finally, it has been found that even the 
original starch flour is not a chemical entity, but that the 
concentric layers of the starch granule are composed of 
various carbohydrates in different proportions. 

The final products of the decomposition of starch are, at 
any rate, different in the living organism to those produced 
by artiflcial digestion outside the body ; the starch appears 
to bo completely converted into grape-sugar. Even in long- 
continued artificial pancreatic digestion of starch, gi'ape- 
sugar (dextrose) always occurs together with maltose.* 
Maltose and dextrin cannot be found in the blood and in the 
tissues, t and in the case of diabetic patients, who are unable 
to destroy the carbohydrates, grape-sugar alone appears in 
the urine after starch has been eaten. 

We know as little concerning the changes that cellulose 
undergoes in the intestine as we do concerning the fate of 
dextrin. Outside the body, cellulose is neither altered by the 
pancreatic juice nor by any other digestive secretion. But, 

" Mnsciiliifl and », Meriog, Zeitifhr. /. phijiiol, Ckeni., vol. ti. p. 403 : 1879 ; 
UoTUCn T. BruVQ ftud JoLn Ueroa, Liubtg*! Aanat., I>p. 204, 'i2S: 1»80. 

t Intiiiintion uf tho oci^urrenco of oolloid cnrbah^diatea in tha blooil of Ihe 
portnt vein mty bs fonnd in t. lleriag'B paper, Dn Bnis' Areh., p. 413: 1877; 
utd in another by A. SI. Bleile, Du Bui*' Arah., p. 70: 1879. But only viry 
imall quBnttCieB are cnticenied, and perbapa even tbeso only occur occaHionallj-. 
Bteile'g 
iugnr, as 
tD tbe portal bluod 
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fact, a large portion, as we have already seen (p. 81), 
disappears in the intestine. I imagine tliat it is a fermenta- 
tive action whicli enables the epithelial cells of the intestine 
to dissolve the cellulose, and perhaps also to convert the 
dextrin into sugar. This power has frequently been observed 
in unicellulAr bodies. I may refer to the behaviour of the 
Vampyrella, which has already been described (p. 4), and 
■which dissolves the wall of cellulose of the algte-cells. A few 
authors have adopted the view that the cellulose is not made 
use of in our body at all as food, but is split op by parasitic 
bacteria in our intestines, into carbonic acid and marsh gas. 
That such a decomposition of cellulose by bacteria does take 
place, has been incontestably proved by Hoppe-Seyler's 
experiments,* which render it probable that it also occurs in 
the digestive canal.t But it is doubtful whether all the 
eelluloHe that disappears in the digestive canal is split up in 
this manner.! 

The pancreatic juice exercises a fermentative action on 
FATS similar to that on carbohydrates; decomposition takes 
place with hydration. The fats are well known to be com- 
pound ethers, combinations of a trivalent alcohol, glycerin, 
with three molecules of monobasic acids, principally stearic 
ncid, palmitic acid, and oleic acid. Beside which, certain fata 
contain small quantities of volatile fatty acids, such as butyric 
acid in the fats of milk. By the action of the pancreatic 
ferment, the fat molecule takes up three molecules of water, 
and splits np into glycerin and into three molecules of fat^ 
acid. This action of the pancreatic juice was discovered by 
Bernaid.§ How large a portion of the fats is thus broken 

■ Hoppe-Sejler, At. iI. •UHl4fh. ch<m. Oei., vol. »vi. p. 122: 1883; sdi) 
ZrilKhr.f.phymol. Omm-, vol, i. p. 401; 1886. 

t H. Tnppoiner, ZciUrkr. f. Bictog., vol. xx. p. 52 : 1881 ; aud vol. xxir. p. 
105: 1888. 

X Oorapure H. Weislte. Chtm. C™(raffi., vol. it. p, 385: 1881; Hannebeigftad 
Hlolimimn. ZHUehr /. Biolag., vol. sxi. p. 613 : 1885. 

$ Boroard. .inn. dt Ckim. et dt Phyiique, b^. iii. t. xxv. p 174: 1849. Oom- 
ji&re also Ogata, Dii Boie' Arch,, p. 515 : 1881. Aooordlug to thia itiTeatigation, 
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tip in the intestine cannot be stated, but it is probably a very 
Bmall one. For tbe decomposition of fats, at Jeaat in experi- 
ments on artificial digestion, goes on very slowly, whereas the 
absorption of fats proceeds very rapidly. But it is quite 
snfficient if only a minute part of the fats is decomposed, for 
the whole amount of fat is thereby rendered capable of teing 
converted into a fine emulsion^ in which form it pafises 
through the intestinal wall. 

The emulsifying of fats is brought about in tbe following 
manner. It is well known that the neutral fata can only be 
saponified, i.e. split up into glycerin and salts of fatty acids 
to form soaps, by free alkalies. Carbonates of the alkalies 
have no action on nentral fats, but only on free fatty acids ; 
the carbonic acid is driven out of the salts by the stronger 
acid, and a salt is formed by the combination of the fatty 
acid with alkali. Fatty acids and neutral glycerides are inti- 
mately miscible in every proportion. In such a mixture of 
fat and a small quantity of fatty acid, the mulecules of the 
fatty acid are thus always to he found among the molecules 
of the neutral glycerides. If a solution of carbonate of soda 
act upon this mixture, a soapy solution is formed every- 
where between the molecules of tbe neutral fats. By this 
means the whole mass of fat is immediately converted into a 
fine emulsion of microscopically small drops. Perfectly fresh 
nentral fat cannot be emulaionized by a solution of soda. If, 
on the other hand, rancid fat be taken, i.e. fat in which a 
part of the fatty acids has already been set free by the action 
of putrefactive ferments, or if a small amount of free fatty 

*Iii(ib was curried out in Luii wig's labomtnrj.tbedecoiiipoBiliun of llie Ails begins 
Hlready id tlie stomach. Maicot bod nlreoily come to the eame coiioliiaiua 
(JVedionl Tinui and Oaiette, now aer., toL i»ii. p. 210 : 1858). Tlie ileooinpoBi- 
tioD of fnts in tbs stonuicli is probably effeoted, not by an nnorganixed ferment 
nf the gaMric juice, but by pulretHctivH orgauinma. Tlie i^snBe or the i]e(»Di|)o«i- 
tion of fata in artifluinl pancroilie (!ige»lion has been bo interjireted. But Nenchi'a 
liit«Bt eiperiiDCdtB (Areh./. a-per. PalH. u. Pftorm., vol. u. p. 373 : ISSGJshow tbat 
tbe panurentic fciroiunt decumpoaes as much fat if pliecol be proumt iw if there 
Mere tio atitiwptio. 
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ocidfl be added to the neatral fat, the emulsion is at once 
formed. When rancid oil is poured on to a dflat« Bolntion 
of soda, the two layers of fioid combine directly tbey are 
gently sbaken, and the whole U converted into an opaqne, 
uniform, and milky-looking liqaid. Under the microscope, 
the fat is seen distributed is minute drops. 

There are other alkaline salt eolations which can, like the 
earboQates of soda or of potassa, combine with free fatty acids 
to form soaps. Such, for instance, ia the phosphate of soda 
with the formula Na^HPO,. This salt with fatty acids gives 
soap and acid phosphate of sodium, NaH,POt. As we shall 
soon see, the bile, which contains alkaline salts, acts in a 
similar manner on fatty acids.* 

Carbonate of soda is contained in the pancreatic secretion, 
for the analysis t of the ash shows that the secretion contains 
more sodium than is necessary for the saturation of the 
strong mineral acids present. Two weak acids divide the 
remainder among themseWes: proteid and carbonic acid. 
The intestinal juice is likewise very rich in carbonate of soda, 
as we shall soon see. By the action of these alkaline 
secretions, the fat is thus distributed in minute particles, 
which, as previously described (pp. 3-4), are passed on to 
the commencement of the chyle-vessels by the active inter- 
vention of the epithelial cells. 

It now only remains to consider the action of the pan- 
creatic secretion on the third main group of food-atoffs, 

• The eniulsirying UL-linn of alkaline aalt Boiutioua Las long been kootro M 
teebntMj chemisW: U is pmclienlly emiiloyud iu dyeing artiolea Tnrkey red. 
Hsrcn HM tbs linit to ilruw DttsatiDii to its phydolugintl bearing (Xedioal 
Tima and Qatettf. new aet., vul ivii p. 209 : 1858). Al»o Briit'ke. SiUimgfber. 
tt. Wim»r Akad. Matk-nat Clout, vol, Ixi. part ii. p. 362 : 1870, Cornpan 
aUo J. Stdncr. Dii BoU' Arch., p. 286: 187-1: Job. Ga.1, ibid., p. 181 : 1878; 
Georg Qniuoke, PflQtccr'a itrcA., vol. xix. p. 12!): 1879; and Mu t Fn-y. Da 
Boil' .<1 rah .,|>.S82:18BI. 

t Bldilor nod Schmidt, '• Die Ver<lanaiigKarie a. Abt Stoffwecbsel," p. 24S ; 
MItan ond Lelinig, 1852. The sulphuric ooid giwu in Ibe atmlyua muit not b« 
takon into nniKidcrulion. becuiiBe it did not ariwi till the Rulpbur in tlie alboman 
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the PBOTEID8, By the action of the pancreatic ferment, asM 
well as of tbat of the gastric ferment, the albumens loae 
their colloid character ; tliej become diffusible,* and are no 
longer coagulable ; they are converted into peptones. The 
gelatin-yielding gubatances undergo a similar alteration ; they 
become dissolved, and the aolutions lose the power of forming 
a jelly in the cold-t 

The peptonizing action of the pancreatic juice was for a 
long time doubted, until CorvisartJ decided the matter in 
the affirmative. Kiihne, who was present at Corvisart's 
experiments, afterwards carried out a series of exhaustive 
i.-speriments on the subject in Grermany.§ Kiihne obtained 
the secretion from eleven dogs with a temporary pancreatic 
fistula, and he found tbat " amazing quantities of boiled 
fibrin and proteid were dissolved by the juice without any 
trace of putrefaction, in from half an hoar to three hours, at 
ii temperature of 40° C, bo that the larger portion was con- 
Viirted into a substance not coagulable at boiling heat, whiah 
was readily diffusible through vegetable parchment," 

^Vhen a fresh pancreas was cut up into small pieces with 
scissors, and left to stand from three to six hours, mixed with 
a large ijuantity of fibrin and water, heated to 40° C, the 
gland disappeared with the fibrin, leaving but a trace behind. 
The reaction after complete solution was alkaline. Only a 
small portion of the decomposed proteid could be precipitated 
by acetic acid and by boiling. |1 The solution, when filtered, 

■ The proofs of Urn power of read}' rlilTiiBioa pououod by peptones have been 
dUpUled. Si-B ?0n WilticTi, BarUnor klia. Wocluatehr., No, 37: 1872. 

t Bee Fr. HoFmeirter, Zrltiehr. f. f^iiol. Chem., vol. ii. p. 299 : 1S78. An 
aocount of tbe older literature vill bIw he found hers, 

t OoiTiBArt, "Sar nne fonction pen cnnniie du paooretu; k digeition dei 
ulimuDtfi Hzotcea," Oat. hebdoin.. Sot. 1,% 16. 19 : 1857. 

§ W. Kdbns. Virohow's vfnifi.. vol, ixiii. p. ISO : 1867. 

11 For an occouDt of the globalin, aoid allmiaeo. panpeptone, pmpeptone, 
■Jfaomoaea, eta, whioh ooour in the oonversion of proteid into peptone, both in 
paoorantio and gnstrio digestion, me HeiiBner, ZriUckr.f. rat Mad., Ul. Roih*- 
TOl. ni.p. 1 : IS59; Brtieke. BUiungtlw. d ft Wienrr Aka4..y')\. mvil p. IHI: 
1839; KOhneaodCbittenden, ZeitfeAr./. Biotog., vol xix. p. 159:1883; vol. xx. 
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was concentrated, at from 60° to 7U° C, to one-sixth of its 
volume, and mixed with 95 per cent, of alcohol. This 
precipitated the peptones in flocculent masseB. When tlio 
filtered solution was concentrated and cooled down, tyrosin 
first separated out in crystala ; then, on further concentration, 
leucin crystallized out, in botryoidal masses — " leuein cones." 
382 parts of dried fibrin and 15'2 of dried pancreas yielded — 

ll'O undissolved remainder 

420 coagulated albumen 
211'2 peptone j 

13-3 tyrosin I 2561 

Sl-6 leucin ' 
397-2 - 53'5 = 343-7 dissolved proteid. 
From this it appears that 100 parts of fibrin gave 61 of 
peptone, 3'9 of tyrosin, 9'1 of leucin, and 26 of products that 
we are at present unacquainted with. 

It might be supposed that the amido-acids, leucin and 
tyrosin, are not split off from the proteid molecule by the 
action of a pancreatic ferment, but by the fermentative action 
of putrefactive organisms. The pancreas and its juice are 
substances eminently prone to putrefaction, and the alkaline 
reaction is favourable to the development of putrefactive 
organisms. It is this liability to putrefaction which makes 
it Bo much more difficult to carry out experiments on artificial 
pancreatic digestion than on gastric digestion. We know, 
in fact, that peptones and amido-acids are formed from 
proteids by the action of putrefactive organisms. But Eiihne 
meets this objection by experiments,* which were carried out 

p. 11: 1881; vol ixii. p. 109: IS86; B. Horlh, Moaatihe/U /. Chtm., lol v. 
p. 166: 1684: KUhne. Ferhaadl. d. nat.med. Vereitu lu Beiddb. iV.F., vol. iii. 
p. 2B6: 1SS5: Schmidt-Halbeim. Du Bdib' Areh.. p. 36: 18S0; Haiu ThierTelder, 
ZMttehr. /. phsiiol. Otan^ <rol. x. p. 577: 1886; R. Neuiueuter, Ztiiadtr. f. 
BiiAag., tdL xiiii. pp. 381, 402 ; 1SS7 : und " Ueb. A. n&cliale Einvrirk. gespsnnter 
Waaserlimpfe aut Proleloe," etc. ; Munchen, 1889. 

• KUiine, FcrAandl. d. noiurfcilfor. tntd. Fereitu lu Hsiddfi. JV, F., vol. L 
liertui.:16T& 
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with the use of the antiseptic, aalicylic acid. He showed 
that concentrated salicylic acid, while arresting the develop- 
ment of putrefactive germs, does not inhibit the action of the 
pancreatic ferment, and that amido-acids are still formed 
under these conditions. 

Kiihne is of opinion that amido-acids are also formed in 
tlie intestine of tiring animals. He tied the intestine of a 
live dog ahore the entrance of the pancreatic duct, and again 
four feet lower down, introduced cannulss at the upper and 
lower extremities of the intestine he had tied, and passed a 
stream of water, heated to 40° C, through it until it was 
quite clean. Fibrin was then put in the piece of intestine, 
and the wound in the abdomen was closed. The dog was 
killed after four hours, aud the piece of intestine cut out. 
Among the contents were found peptone, tyrosin, and leucin. 

It may be a priori doubted, on teleologieal grounds, 
whether, under normal conditions, the amount of amido-acids 
formed in the intestine is a large one. It would he a waste 
of chemical potential energy, which would serve no purpose 
when converted into kinetic energy by their decomposition, 
and a reunion of the products of such a profound decompo- 
sition outside the intestinal wall is highly improbable. And, 
indeed, Schmidt-Miilheim,* in numerous experiments on the 
contents of the intestines of dogs fed on meat, could only hnd 
traces of amido-acids or else none at all. 

On boiling proteids with dilute acids and alkaUes, peptones 
again appear at first, and amido-acids later on. 

We will now inquire into the nature of the process by 
which albumen is converted into peptone. 

As peptone occurs as an intermediary product in the 
formation of imdoubted decomposition-products of amido- 
acids from proteid, it may reasonably be imagined that the 
peptones are the first immediate products of decomposition. 
This view is further confirmed by the analogy of fermentative 
■ Selitnidt-UiUheiln, Du Boin' Arch., p, 39: 1679. 
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aetKn an! of the aetioo of meids and alkali«s on complex 
fjT^aune eompoands of knovn ecfmpyanon. In all these 
ptoees9S!9 d^eomposition is aeeompanicd bj bTdiation. The 
same panereatie ferment wineh, aeeompanied bj hrdration, 
splits up the fats into ^reerin and fatty adds, and stareh 
floor into dextrine and sogar, — this san^ ferment also 
changes the proteids into peptones. What is more natural 
than to conclude that the peptones are also formed from the 
prr/teids bj a process of decomposition acwmpanied by 
hydration? 

It is a Tenr sedoetiTe theonr to assume that the colloid 
and insoluble proteids are polymeric prodaets of the soluble 
peptones, just as the colloid and insoluble carbohydrates, 
ffuch as glycogen, gam, starch, or oellulose, are polymeric 
prodncts of the soluble sugars, and that the peptone mole- 
cules after absorption are again combined into proteid 
molecules, just as the sugar molecules are united to form 
glycogen in animal tissues, or starch and woody fibre in 
vegetable tis^aes. But it must be remembered that this 
theory is only based upon analogy. At present nothing 
certain is known about the nature of peptones. It is not 
known whether the peptones are decomposition-products of 
proteid, or even whether the decomposition-products them- 
selves are alike or differ from each other, or whether the 
jK-ptones have arisen from proteid either by a rearrangement 
of atoms without alteration of the size of the molecules, or bv 
hydration. 

In experiments on the composition of peptones, the error 
has always been made of using impure material. The 
albumen chosen for the production of peptone has generally 
been the fibrin of the blood (compare Lecture XIII.) . We 
do not know how many different proteids there are in the 
coagulum of fibrin ; but we know for certain that the nuclei 
and remains of the broken-up leucocytes, as well as whole 
leucocytes and the stromata of red blood-corpuscles, are ail 
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contained in this eoagulum. Tliis method of subjecting a. 
conglomeration of Bubstances and organiama to elementary 
analysis, and of afterwards comparing the result witli the 
analysis of a mixture of the products of our experiment, 
can lead to no satisfactory conclusions. But this method of 
research is the most exact that has been employed in the 
work on peptone.* Now that we are in a position to produce 
eryetalline proteid compounds, all esperiments on the com- 
position of peptones which are made on other material are 
utterly worthless. 

As it has not been found possible to crystallize tho pep- 
tones from their solution, or to produce compounds capable 
of crystallization, or even compounds of constant composition, 
Maly t has adopted the method of fractional precipitation, in 
order to decide the question whether the peptone solution, 
obtained from the blood-fibrin by artificial pepsin digestion, 
contains a single peptone or a mixture of different peptones. 
Maly mixed the clear and highly concentrated peptone solu- 
tion with strong alcohol, until a portion of the peptone 
separated out in adhesive floecula (fraction I) ; the filtrate 
was again precipitated out with alcohol (fraction 2) ; and, 
finally, the remaining alcoholic solution was evaporated to 
dryness (fraction 3). If the peptone solution contained 
several different peptones, we should expect to find that the 
various fractions possessed a varying composition; for we 
cannot assume that the different peptones have the same 
power of dissolving in dilute alcohol. Maly found that the 
figures were so nearly the same in the ultimate analysis of his 
three fractions, that he came to the conclusion that only one 
peptone was formed. Maly's pupil, Hfrth,! came to the 
like conclusion, &om an experiment carried out on the 

* Compare B. Halj'i crlliijue in Pflliger'a Arch., io). iz. p. 315 : 1879. 

t R. Maly. PflBger'B Arek., tol ix. p. S8S : 1874. 

I Bobcrt HeKh (M»ly"fl laboratory in Oraz), ZeiiidiT. /. piyial. Chem.. vol. 
i. p. 277 : 1877. Compare aba A. Hoaniager, ■' Do la nature cl du role phymo- 
lo^quc deg peptonea:" Fmu; Comft. rend., i. lusrL pp. IflS, 1464: 1878. 
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fiame principle with solutions of peptone obtained firom e^- 
albumen. 

Mate's and Herth's figures Lave not eonvinced me of tLe 
justice of this conclusion. It is particularly to be regretted 
tliat, in the ultimate analyses, tbe amounts of sulphar in Uia 
fractional precipitations were not determined. We sbould 
most readily bave espected to see a dififerenee ia tbe amount 
of sulpbur. If we regard the proteids as compounds of tbe 
peptones, we must assume tbat tbere are several peptones, 
some rich and some poor in sulphur, or else some containing 
Bulpbur, and otbers without any sulpbur, for the reason tbat 
the amount of sulphur in the different kinds of proteid varies 
so remarkably (compare above, pp. 5S-IjO). But if, on the 
other band, we do not regard the peptones as decompositioD- 
products from the proteids, we must assume as many 
different peptones as there are proteids of varying com- 
position. There are, at any rate, several peptones. A. 
Krijger * has recently made analyses of proteid and peptones, 
in which he has bestowed especial care upon the estimation 
of sulphur; but unfortunately, instead of using pure material, 
be empltjyed fibrin and egg-albumen. Tbe latter, like the 
albumen of blood-serum (vide Lecture XIIL), is a mixture of 
at least two different kinds of proteid, a globulin and an 
albumen. 

Tbe quantitative estimates of the amounts of carbon, 
hydrogen, and nitrogen in the purest of the peptone pre- 
parations hitherto made, have always given figures which 
ore within the limits between which the composition of 
proteid varies.! 

■ Albert Kruger, PMget't Arrh., voL xliii. p. 214 : 1888. ThU paper (>rinUina 
n Bumaiwjr of tlie earlior literstuK oa the uuoant of lulpbut iu tbe vacioku kinds 
or ptuttM snJ ttie difTeruDt waya id which lutpliuT is combiued. 

t Ths ilivargoDCD in the results reoeutl; obtained by Kahne and Chittenden 
awaits further iuretitigstinii (ZfilwAr./. Builog^ toI, xxii. p. 123 : 1886). It ws* 
ntleiiipteil to attain furtltor iorigUt into tbe uuturo uf peptones by comptLntiTo 
f iperiuwatii on tlie optii^ clianoteristioa of the protuiils und poptLines, an their 
ponor of intcrorpUng ligiit, aud their beliBriour toKunls poluizvd light. Bui 
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Whether all proteid, in order to become absorbed, must 
be previously peptonized, or whether a part is taken up 
unaltered ; whether the peptones are again reconverted 
into albumen after absorption, and where this conversion 
takes place; — are questions which will be treated more 
in detail in Lecture XII., after we have become acquainted 
with the parts played by the remaining digestive secretions, 
the intestinal juice and the bile. 

these inyestigations have not led to any unanimous or conclusive results (see 
J. Becliamp, Compt. rend., vol. xciv. p. 883 : 1882 ; A. Poehl, " Ueber das Vor- 
koramen u. die BilduDg des Peptons ausserhalb des Yerdauungsapparates u. 
iiber die Biickbildung des Peptons in Eiweiss," Dorpater Disdert. : St Peters- 
burg, Rottger, 1882; and Ber. d, deutsch chem. Oes., p. 1152: 1883). The fact 
observed by Danilewski, that the heat of combustion of the peptones is less than 
that of the proteids {CeniraW. j. d. med, Wissetiseh. Nos. 26 and 27 : 1881), can 
also be interpreted in several ways. This fact agrees with the decomposition 
hypothesis just as well as with the theory that hydration is the essence of pep- 
tonization. It has been, moreover, quite lately noted that the peptones could 
be reconverted into proteids by the action of dehydrating agents. But aU these 
btatements bear the character of preliminary communications. Tiiey are not, 
therefore, suitable for critical discussion in a text-book. See Henninger, Compt. 
rend., t. Ixxxvi. p. 1464: 1878; Hofmeister, ZeiUchr. /. phy%i6L Chem., yoL ii. 
p. 206 : 1878 ; and vol. iv. p. 267 : 1880 ; Danilewski, CentraJb. /. d, med. 
Hisifenseh., No. 42, 1880: Schmidt-Mulheim, Du Bois' Arch., p. 36: 1880; A. 
Poehl, loc. cit., and Ber. d. deuUch, chem. Ges., p. 1355: 1881; p. 1163: 1883. 
Compare also O. Loew, Pfliiger's Arch., vol. xxxi. p. 405 : 1883 ; and B. Neumeister, 
Zeituchr.f. Btolog., vol. xxiii. p. 394: 1887. 
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LECTURE XI. 

INTESTINAL JUICE AND BILE. 

Thiry,* by his bold vivisection, was the first to obtain and 
examine the intestinal juice, the secretion of Lieberkiihn's 
glands, in a pure state. Thiry opened the abdomen of dogs, 
after they had fasted for twenty-four hours, by an incision in 
the linea alba. A coil of small intestine was drawn out, and 
a piece from 10 to 15 cms. in length cut out, without injury to 
the mesentery. The edges of the two ends of the intestine 
were sewn together in the usual way. One end of the 
resected piece of intestine was closed by the intestinal cross- 
stitch, and replaced ; the other end, left open, was sewn into 
the woimd in the stomach. Although Thiry did not treat the 
wound antiseptically, he succeeded in preventing peritonitis 
in a few cases, and in getting the wound to heal quickl3^ In 
from two to five days the animals could again receive food 
into their shortened intestine, and remained in good health 
for months. Quincke t has repeated these experiments several 
times ; one of the dogs experimented upon lived for nine 
months after the operation, and died from an accident. An 
abundant secretion of intestinal juice was brought about in 
this isolated piece of intestine by mechanical and chemical 
stimulation, especially by acids. The juice was readily 
obtained for examination by putting in small pieces of 

♦ Thiry, Siiungsber. d, Wiener Akad., vol. 1. p. 77: 1864. 
f H. Quincke, Du Bois' Arch.^ p. 150: 18G8. Compare also Leube, Ceutrulb. 
/. d. med. Wissensch., p. 289 : 18G8. 
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sponge, wbioh were removed after a time and squeezed 
ont. 

To the obvious objection that a secretion thua obtained 
was not normal intestinal juice, Thiry and Qnineke replied 
with the following arguments: 1. The microscopic exami- 
nation of the intestinal wall showed no changes in its histo- 
logical structure, as a whole, or in Lieberkiihn's glands, even 
several months after the operation, 2. The circulation in 
the mesentery and the innervation did not appear to be dis- 
turbed; the reflex mechanism was maintained. 3. Intestinal 
parasites continued to live in the isolated piece of intestine : 
a Nematode and a Ticnia serrata, the latter of which from 
time to time cast oft ripe segments. This last argument ia 
rendered convincing by the fact that these creatures only 
exist under certain conditions, and that most kinds of 
intestinal worms only live in certain portions of the ali- 
mentary canal of definite animal species. 

The secretion obtained from the isolated piece of intestine 
proved to have no action on all three of the main groups of 
organic ahments; fats and starch flour remained unaltered. 
Of the proteids, according to Thiry, only the blood-fibrin was 
dissolved, but no other kinds of proteid, such as bits of meat, 
coagulated egg-albumen ; gelatin did not lose its power of 
gelatinizing. Quincke could not even confirm the action of 
the secretion upon fibrin; he found the intestinal juice (joite 
inactive on all food. Lehmann" also came to the same 
conclusions, when he examined the secretion from an isolated 
piece of goat's intestine. Many further experiments on 
artificial digestion have been carried out with extracts from 
the intestinal mucous membrane of various animals. In 

* Knrl B. T.E^hmaTiti. PHliger'a Areh., vol. iixiii, p. 180 : 1884. Comjiara aim 
J, Wpiiz. Zeilirhr. /. Biolog., Tol. sxii, p. 1 ; 188«. L. Vellii obtuincd diffrrent 
reiulta on repenting TMry's eKporimenU on dnga (Molevbott's Unt, lur Natur- 
Uhn a, I. a., vol. liii. p. 40: 1S81): lie fmmd thaC the jiiii'e noted on uU tlie 
mnin groupfl of fuod. This divcrgeuce af opiniun doea nut aa jel admit uf tx- 
pluoation. 
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ihese experiments tliere was either no action to be obsen 
on any article of diet, or a very slight one only on boil 
etarcli fiour, when sugar waa formed. But no importai 
should be attached to the last resulte, as a ferment wttll 
slow action upon boiled starch may be e^itracted &om erd 



Lastly) Demant* has more recently made experiments 
the action of the intestinal juice in human beings. 
temant had the opportunity of collecting pure intestinal 
nice from the tower portion of intestine, in a case of artificial 
jiua after herniotomy, which occurred in Leube's hospital- 
bracticQ in Erlangen. 

A part of the intestine bulged out like a sausage &om the 
rtulous opening (of which there were two) belonging to the 
pwer portion of the intestine. Usually but little juice oozed 
nit of this opening ; the supply was, however, abundant after 
^eals, and could be collected in a glass tumbler which was 
beld underneath without touching the iutei^tinal mucoug mem- 
prane. In this manner, from 15 to 25 c.cms. of the secretion 
Were obtained in the course of one day. The secretion thus 
Hcurred without any du:ect chemical or mechanical stimula- 
I tion of the mucous membrane, merely from the normal reflex 
irritation, which proceeded from the upper portions of the 
alimentary canal. It is, therefore, probable that Demant 
really obtained the normal secretion, and not an iuEamma- 
tory transudation of mucous membrane, brought about by 
abnormal irritation. 

The intestinal juice of man, experimented upon by 
Demant, appeared to produce no change in any form of 
proteid, nor in fibrin and fats. It had a very alight action 
ou boiled starch, which in numerous experiments never 
occurred till five hours had elapsed, at from 36° to 3S° C. 
Ho trace of sugar oould be detected before this time had 
passed. 

* Betott. Donuuit, Virohaw'i Ar«h., voL Ixiv. p. 419 : 1879. 
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If the inteBtinal jaice has do action upon food, of what 
importance is it? Will not its chemical composition enlighten 
ns here ? Qaincke found that it contained remarkably little 
of any organic constitnenta ; in fact, only 0"5 per cent., which 
was chiefly albumen. Thiry found somewhat more. Both 
investigators agreed that the amount of inorganic salts was 
0'9 per cent. ; among these carbonate of soda is the chief. 
Both Thiry and Quincke remarked that the intestinal juice 
effervesces on the addition of acids, and the same thing has 
been noticed by Demant with the human secretion, 

The importance of the intestinal juice lies undoubtedly 
in the large amount of carbonate of soda it contains. Its 
function is to neutralize the acids of the intestinal contents, 
and to emulsify the fats with the surplus carbonate of soda 
(compare above, p. 193). It has to supersaturate not only the \ 
hydrochloric acid of the gastric juice, but also the acids, I 
sometimes existing in far larger quantities, and which arise 
from the Imtyrie and lactic acid fermentationa. The rapidity 
of the passage of the carbonate of soda through the intestinal 
wall must therefore be proportionate to the acidity of the 
intestinal contents, for as soon as the carbonate of eoda 
became over-saturated, the absorption of fat would necessarily 
be at a standstill. This is prevented by reflex mechanism. 
Thiry and Quincke observed that, on stimulating the intestinal 
mucous membrane with acids, the secretion of the alkaline 
intestinal juice at once became more copious. 

To this interpretation, that the emulsifying and absorption 
of fats is brought about by the carbonate of soda in the 
intestinal juice, the objection has been raised that the 
absorption of fats begins earlier in the upper part of the 
intestine, where the reaction of the intestinal contents is 
always acid. It is said, further, that during digestion the 
chyle-vessels in the duodenum become opaque and white, 
through being filled with droplets of fat, and also that the 
contents of the entire small intestine as far as the cfficum 
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oecaBionally give an acid reaction.* To this I would reply, 

that it is not the reaction of the internal part of the food- 
mass which is of importance, but the reaction of its surface 
which comes in contact with the absorhtng intestinal wall. 
That this latter always remains alkaline is due to the al>ove- 
mentioned reflex mechanism. 

It appears to me that the carbonate of soda in the intes- 
tinal juice also serves another purpose. The food absorbs 
hydrochloric acid in the stomach ; the molecules of hydro- 
chloric acid are distributed among the minutest particles of 
organic food. When the sodium carbonate neutralizes the 
aoid, the carbonic acid thus liberated effectually separates 
the minute particles of the organic food from each other. 
The bulk of the food is more thoroughly broken up, and the 
digestive ferments gain more complete and easy access to the 
individual particles, and so effect the rapid solution of the 
food in the intestine. 

In conclusion, I must not omit to mention that another 
explanation has been given by Hoppe-Seyler of the action 
of the intestinal juice, which is opposed to mine. Hoppe- 
Seyler'sf view is that no special intestinal juice probably 
exists as a. secretion of Lieberkiihn's glands, or of the in- 
testinal mucous membrane ; at any rate, he sees at present 
no proof of its existence. He thinks that, the quantitative 
composition of the supposed intestinal juice being identical 
with that of the blood-plasma and of lymph, we cannot 
regard the fluid obtained from Thiry's intestinal fistula as 
being anything bat a transudation brought about by abnormal 
stimulation. 

In reply, I would merely ask how we are to explain the 
fact that the intestinal contents, which give an acid reaction 
in tbe upper portion of the small intestine, even after ad- 



• Th. CbsIi. Du Bois' Areh.. p. 323: 1880. 

t Hoppe-Scjler, " PliVBiol.giaobe Chcmie." pp. 27n. 27S : Berlin 1881. 
m Arthur Hbiuu, ZeitteK. /. Siolog,, ^oL sxii. p. 195: ISSS. 
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mixture with the panoreatio juice and with bile, are nearly 
always markedly alkaline in the lower portion of the intea- 
tine, and this in spite of the incessant lactic and butyric acid 
fermentations.* 

Hoppe-Seyler teaches that the inversiona of the intestines, 
designated as Lieberkiihn'a glands, serve only to enlarge the 
absorbent intestinal Burface, and that the supposed glandular 
epithelium is only a continuation of the abaorbcnt epithelium 
of the villi. On the other band, Heidenhain asserts that the 
epithelium of Lieberkuhn's glands differs very much morpho- 
logically from the epithelium of the vilh, and that, as the 
intestinal contents never penetrate into Lieberkuhn's glands, 
these could not serve for absorption. 

The BILE, the secretion of the liver, is the only secretion 
poured into the digestive canal which remains for our con- 
sideration. The secretion of bile is not the only function of 
the liver. This is soon seen by comparing the size of the 
liver and the small amount of bile produced with the size 
of other glands and the quantity of their secretions. The 
human hver weighs from 1500 to 2000 grms., and produces 
in twenty-four hours about 400 to 600 grms. of bile.f The 

• A diammilar aoeoiinl is given hi SchTniclt-MulliBim (Du Boib' Arch., p. 5B : 
1S79I, vliD, in Ihe cose nf six doga fed on meat boils) to nbr»di, fnunil thnl ths 
oontoiilB of tbe lowegt extreiiiitf c^ the emHll btestiae gave a runt acid renolion. 

i For Iho mtthod of establiBliing a biliar; flttnlo, and of detenuiiiiDg tbe 
■tnount of bile ptoiiuced in twenty-fonr hours, me ScJiwanii, Arch. /. Anat. u. 
rhsiioL. p. I!i7: IS4i ; Blondlot, "Eaiai eur lea fonctioua du Ibis," etc.: Paria, 
1846 ; BicldoT and Bohmidt, " Die Yerdanungni&Ha u. der StofTwecbapl," p. 9S : 
Lidpzig and Slitau, 1852. Tho nmounC of bile tecreted la tnenty-four houn in 
ouw nf iiicTi witb bUlnrjr SrtalK. was estiniatad bjr J. Sanke, "Die BIntrertlioi lung 
und der Tliitigteilsworhsol der Organe," pp. 39, 145 : Leipzig, 1871 ; v. Wittich, 
J^i^'* Xre/i. voL Ti. p. 181 : 1872; W. Westphulea, Deuto-Ji. Areh./. klin. Med., 
vol. xi. p. 56if : 187.1 : Uenld F. Yeo aud E. F. Herroan. Joum. of Fhn-nnl., vol. v. 
p. IIB : I8H-1. The amount of bile in twculy-four boura entjnuiteil ia the caso i.f 
ineD with biliary flstnin is cerlniiil; ton small, for the ductus olioledoohus was 
□pen, EMd a puTt of the biln escaped into the intertine. With animals, whore the 
ductus oholedochus bad heai ti^d, a far larger amouct of bile wai obtained 
proportionatv to Iheir weigbt. Bidder and Schmidt {loe. eft, pp. 114-309) fouiul 
from 13 to 29 grms. of bde in twonty-fuur bnun to erer; kilngramnie of weij'ht, 
iu the cose of dug* : with oatB, au average of 14'5 ; sheep, 2S-4 ; rabbits, IBtj-S. 
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parotid, which only weighs from 24 to 30 grras., prodaees i 
the same time from 800 to 1000 grms. of secretion. This 
simple fact showg that the liver prohahly has other functions 
to perform. We must refer our readers to another lecture 
(Lecture SVIII.) for an account of the numerous and compli- 
cated chemical proceases that go on in this the largest of all 
the glands, and of the origin of the bile from the constituents 
of the blood. At present we have only to do with the 
secretion, when effected, and its significance in intestinal 
digestion. 

The digestive secretions which have been under con- 
sideration do not contain any specific constituents, if we 
exclude the ferments which we are unable to isolate. So 
for as our knowledge goes, they consist only of substances 
which are distributed all over the body. The chief part of 
desiccated bile, on the other hand, is found to consist of 
specific organic compounds, which are either not met with at 
all eleewhere in the animal body or only in traces. We 
will, therefore, proceed to examine these compounds more 
closely. 

The sodium salts of two complex acids form the chief 
constituents of the bile : glycocholic acid and taurocholio 
aoid. The former of these acids splits np, on boiling with 
acids and alkaUea as well as when acted on by ferments with 
hydration, into an acid &ee from nitrogen, cbolalic acid, and 
into a substance containing nitrogen, glycocolt. The tauro- 
chloric acid splits up, by tbe same means, into cbolalic acid, 
and into a body containing both nitrogen and sulphur, 
tanrin.* 

■ Tbe researchea of Adolph Rtreoher in Liebig'a Annal (vol. Ixv. p. 130 : 
1848 : veil. IXTli. p. 1 : 181S ; aud tal. lu. p. U9 : 1849) rnrm the groandwork 
nf all lubieqnent inTeali^iaaB ou the bile-acidi. Among later works. I moat 
puticularly anUce a ssriea of experiments eurried out by lleinrioli Bityer in 
Hoppe-Scy tec's laboratory at Btraeaburg. " Ueber die KauriiD dec mousohlialivn 
Galle" (ZciUekr. /. physiut. Chem.. Tol. iil. p. 293 : 1879). A auumuirj of the 
earlier work done In tbm &et<I is also given bere. 
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In spite of numerous inveBtigations,' little is known con- 
cerning the constitution of cholalic acid. It appears tliat 
the cholalic acids from the biliary acids of varioas animals 
have a different composition, although possessing similar 
physical and chemical qualities. The formula for the cholalic 
acid of human bile was found hy H. Bayer to be CisH^O,. 
while that of the cholalic acid in bullock's bile was found 
to be C«H«,Os. 

The constitution of glycocoU (glycin) is accurately known. 
This substance can be synthetically produced from mono- 
chlor-acetic acid and ammonia, and is therefore the same 
as amido-acetic acid — CHa(NHi)COOH. It cannot be traced 
in a free state in the animal body, but occurs in combination 
with another acid than cholalic acid, as hippuric acid. We 
shall soon meet with it again. It undoubtedly originates in 
the animal body from proteid. It can be artificially prepared 
from gelatin by boiling with dilute acids, and gelatin is a 
derivative of proteid. Being produced from gelatin, amido- 
acetic acid received the name glycocoll (gelatin sugar), 

Taiirin shows its origin from albumen by the amount of 
sulphur it contains. Kolbe t succeeded in producing it 
synthetically in the following manner : chlorethyl-sulphonate 
of silver, CAClSOjAg, heated at 100° C. in sealed tubes with 
a concentrated solution of ammonia, yields silver chloride 
and amido-ethyl sulphonic acid, C„H,{NHs) SOjH. This is 
identical with the taurin obtained from bile. 

The comparative amounts of taurocholic and glycoeholio 



• Of late yeniB the fuUowiiif; antliors have worked more particularly no the 
gnhjeotof llioooQititutioa ofoholoJicaoid : Tappeinnr, ZiiUclir./. Biolog., vol. xii. 
p. GO; 1876; Sitaingeber. d. Wiener Akad., vol. liurii. port ii. ; April, 1878; 
tier. d. deuUck. cAem. Oa., Tol. xii. p. 1627 : IS79. Compare also LntMh'moQ'. 
Ber. d. deatteh. Aim. Gel., Tol ml p. 1518 : 1»79: toL xiii. pp. 1052, 1911 ; 
1880: vol. XT. p. 713; leSZ; and vol. zviii. p. 3039; 1885; as weU as HamniDr- 
rtcn. Nova Ada Beg. Sue. Scient. Uptala, t£r. iii. ; 1881 : Kutsehcroff, B«t. d. 
drutieh. cftem. Co., Vol. Jtii. 2325 : 1S79; Clfive, Oompl. rmd., t. icL p. 1073; 
1880: nod Ocfwrtigl of Eongl Velmtltapa. Akad/jSrh.. No. 4. 1882. 

t Kalb«, Ann. d. (Aem. a. Pharm., tol. ouii. p. 33 : 1802. 
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acids vary in the bile of diiferent aniinala. Glycoeholic acid 
piedominates in bullock's bile, wliereaa the bile of camivora 
appears to contain taurocbolic acid only ; at any rate, thia is 
true of dog*8 bile.* Both acids are found in boman bile in 
very varying proportions, altbongb glycoeholic acid always 
predominateB.t Jacobsen even found the human bile in one 
case quite free from sulphur, and in three other casee the 
sulphur was only contained as a sulphate.^ 

To the specific constituents of bile belong also the bile 
colouring matters, of which two occur in the bile of most 
vertebrates; one red-brown, bilirubin, and the other green, 
biliverdin. The first is readily converted into the second by 
oxidation. According to the preponderance of one or the 
other, and according to the amount of each, the bile is of 
a yellow, brown, or green colour. Both colouring matters 
have been obtained in a crystalline form. Bilirubin baa 
the composition CaHjjN.Og; biUverdin, CeHi,NA-§ They 
are closely related to htematin and hEPmoglobin, and we 
shall have, later on, to consider their mode of origin from 
the latter in greater detail. Both colouring matters behave 
like acids ; they form soluble compounds with metala of the 
potassium group, insoluble ones with those of the calcium 
group. Certain gall-stones owe their origin to the formation 
of these insoluble compounds in the biliary ducts, under con- 



I. PAann., Tol. Ixi. p. 178: 1819; Hoppe-Beyler, 



' Streoker, .Inn. d. Chrm, 
JouT7i./.prakt. Cketa., rol. Ux: 

t O. Jacobsen, Ber. d. deutteh. cliem. Qe-t., vol. ri. p. 1026: 1873; Trifft- 
Dovakj, PaUgcr's Arcb.,vtjl ix. p. 102: Socoloff, iblJ., vol. sii. p. S4 : 1876; 
UtmmattUM, UjMila LSkarefBmiingt (SrhnKdlingar, vol. xijl. p. S71: 1878; 
Hoppe-Sejier. " PhysblogiK'lie Chemie/' p. 301; Berlin, 1881, Ooralil F. Tm 
uid K. F. Honoun., J<iurn.o/PAfrioI.,Tol. T. p. IIG: 1S84. 

: O. JaoaWn, Inc. oil., p. 1028. 

S Stitileler, ricrt«IfabnabW/f der Ziriehar nalarf. Qa., vol. viii. p. 1 : IMS; 
Atm. d. CA«ni.,ToI. cuxii. p. 323: 1S81; Tlindielium, Journ. /. pniftL Qh«m., 
vol. civ. p. 193: 1868; Ualj, Joura. /. prakt. C%«iii., vnl. civ. p. 28: 1868; or 
SitumgtiKr. d. Wtimer Akad. d. WiaenMeh., vol. Ivii. pmt i[.: 1868: voL lix. 
put 3: July, 1874; vol. Iiiii. part 3: Oatober, 1875; J n». d. Chtm. a. Pkarm., 
ToL oUuL p. IOC: 1876. 
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ditions which have not yet been anfficientl; investigated. 
The amount of colouring matter in normal bUo is always very 
small. Stadelmann ■ found, for instance, an average of 
0-16 grm. of bilirubin in a dog's bile in twenty-four hours. 
These colouring matters do not appear to be of any importance 
in intestinal processes. 

Besides these specific constituents, the bile always con- 
tains soaps, lecithin and cholesterin (see Lecture VI.). The 
quantity of the latter is considerable ; it may amount to 2^ 
per cent. It is absolutely insoluble in pure water, and Is 
kept dissolved in the bile by the presence of soaps and bile 
salts. Under pathological conditions, of which nothing 
definite is known, eholesterin separates out in the biliary 
ducts and forms concretions, which are partly pure and 
partly mixed with bilirubin and carbonate of lime. 

Lastly, mucin belongs to the constant biliary constituenta. 
This is not, however, a product of the liver-cells, but of the 
epithelial cells which line the mucous membrane of the larger 
biliary ducts, and especially of the gall-bladder. The latest 
and most complete experiments on the chemical qualities of 
macin have been carried out by Landwehr.f He arrives 
at the conclusion that mucin is a compound of albumen 
with a colloid carbohydrate, which latter he designates 
" animal gum." 

I subjoin the following analyses as instances of the highly 
variable quantitative composition of human bile : — 

* Enwt Stttdelniunn, Arch. /. exper. Path. a. Pharm., rel. x». p. 349: 
1882. 

t B. A. Landwchi, XfUtehr, f. phj/iiul. Chem., vol. viiL pp. Ill, 122: 
1883 : SDd toI. is. p. 3(!1 : 1885 ; iilso Ctiitra^. /. ct, med, Winenteh., p, SOU ; 
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OBTAnED FBOM TBE GaLL-BlaDDBB. 
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These analyses show that the bile obtained from the gaU- 
bladder is mnch more concentrated than that obtained from 
the fistnla. It is, therefore, evident that an absorption of 
water occurs in the gall-bladder. The analyses of dog's bile 
by Hoppe-Seyler,ir in which he compared the bile found in the 

* Frerichs, Hannover. Ann., Jahrg. v. Heft i. : 1845. 

t Von Gorap-Be«anez, Prager Vierteljafireehr., vol. iii. p. 86 : 1851. 

; TrifanowBky, Pfluger's ArcJi., vol. ix. p. 492 : 1874. 

§ Hoppe-Seyler, •* Phygiologische Chemie," p. 301 : Berlin, 1881. 

H O. Jaoobsen, Ber. d. deuttch. chem. Get., vol. vi. p. 1026 : 1873. Tlie bile 
was taken, at intervals of a few days, from a biliary fistula open for several 
V't^kn, the patient being a powerful man. 

■ Hoppe-SeyWr, ** Phjsiologische C.jemie," p. 302 : Berlin, HiruchwalJ, 1881. 
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bladder, and collected while the animal was fasting, with that 
from a temporary fistula ou the same animal, are in accor- 
dance with this observation. 
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Having ascertained the composition of the bile, we mnst 
now consider its uses. There has been much dispute on 
this point. Some have even denied that it is of any 
essential use whatever, and have regarded it simply as an 
excretion like the urine. The fact that the bile ia poured 
into the commencement of the intestine, into the duodenum, 
is opposed to this view. If the bile were an excretion, wo 
should expect the ductus choledochus to open into the lower 
end of the rectum, just as the ureter opens into the cloaca 
in the lower vertebrates. It is impossible not to believe that 
bile, in its long passage through the intestines, must have some 
serious duties to perform. 

The constituents of the bile are, to a very large extent, 

reabsorbed by the intestine — a fact which is strongly opposed 

to its being an excretion. The bile acids, which constitute 

the most important components, are split up, by the ferments 

* The largest port of tba NsCl was diattolred bj aloabol, »ad Qol eatiimited. 
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contained in the intestine, into cholalic acid and taorin or 
glyoocoU; the latter, a very easDy Bolable sobstance, dis- 
appears entirely/ Of the cholalic acid only a very small 
part is separated by the fffices. Concerning the ultimate fate 
of the taiurin nothing is known with certainty.t 

If the bile were an excretion like urine, we ahonld expect 
to find the quantity of nitrogen and sulphur in the bile 
varying proportionately with the amount of proteid decom- 
posed in the body. As a matter of fact, this is not the caBe. 
We know from the researches of Kunkel J and Spiro.S con- 
ducted on dogs with biliary fistulffl, that only a small part of 
the sulphur and nitrogen resulting from proteid metabolism 
appears in the bile, and that it is but very slightly increased 
by a larger supply of food. ^Vhen the amount of albumen 
allowed the dog was multiplied eightfold, the nitrogen and 
sulphur of the bile were only doubled. 

All these facts speak in favour of the view that the bile 
must be regarded as a secretion, like the other secretions 
which are poured into the alimentary canal and exert a 
manifestly important influence on the articles of food. But 
the following fact shows that the bile occupies a peculiar 
position. The secretion of the bile begins in the third 
month of embryonic life ; the activity of all the other glands 
which empty their secretions into the alimentary canal does 
not commence till after birth, when food is first taken.H 



• On the further fote of tlie gljcoi'oll, ape L«3tnie XVI. 

t The most estendeJ teBearcbeu on tauriii huvo bam madu by SulkoirBki. 
Srr.d. druUch. them. Get., vol. v. buft liii. : 1872; Tol. yL p. 7H, etc.; 1878; 
Viiohow'a jMk.. Tol. Wm. p. 460 : 1873. 

t Kunksl, " Unt. Ubet dan Sloffwi-chBcl in iei Leb«:"'Wuiibnrg, 1875; Str. 
4. notA. Of. d. WintiJiich. .- Novtmber, 1875 ; PllQger'a Atch., toL ijt. p. M4 : 
1876. 

S Bpiio, Dn Boiii' Arek., Suppl., p. fiO : 1880 (from Ladwig's laboiatorf In 
Loipdg]. 

II Zweifel. " Unt. liber dsa TerdaiimigBiippttrat des Neugel>oreneii :" B«rlii). 
1874. An BCoount tA the ooiaprehenBivH lilitniture on lh(> notion of the 
dipjetive slaiids in Hmbryauio life ja to be found in W. Projor'a ■' Slptci. llu 
rhyaiol. lien Embrjo," p. 306; Leipiig, 188S. 
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It has been attempted to decide the question ae to the 
function of the bile in intestinal prooessee, by watching tba 
digestive disturbances which occur when the bile is with- 
drawn.* It appears that dogs with a biliary fistula digest 
albnmen and carbohydrates as completely as dogs in normal 
health. They can be adequately fed on lean meat and bread. 
Fat is the only food-stuff that they cannot entirely digest, and 
a considerable part of it — more than half if much be eaten 
— reappears in the excreta, which for this reason are of a 
light grey or white colour. This is not owing to the want of 
the bile colouring matters, as was originally thought. The 
black colour of the normal ffecee after meat diet is not caused 
by the bile colouring matters, bat by hamatin and sulphide 
of iron. If the hght grey excretion of an animal with a 
biliary fistula or of a jaundiced person be extracted with ether, 
which dissolves the fat, the dark colour is again evident. In 
consequence of the imperfect absorption of the fat, the other 
food- sub stances cannot be completely digested. The fat 
tn closes the proteids, which become decomposed by the 
putrefactive organisms of the intestine. This explains the 
putrefactive smell of the fieces and the intestinal gases in 
dogs with a bihary fistula. The breath of the animala 
becomes fetid. These symptoms are all absent when a diet 
without fat is giyen. 

Many of the dogs with a biliary fistula that have been 
under observation became very thin, and a few died with 
every symptom of starvation. This is readily comprehen- 

* S«hwaiiii. Arch. f. Anal. u. FhytioL. p. 127 : 1844 ; Ulondlot, " Eaiai sni lee 
fonotloui da foie ot do sea unueica:" Tariii, 1816; Bkliler And Schmidt, loe. eit. ; 
KullickerniulHilllet. V«r%. d. pkyM.iatit.aB: lu H'tirttiin;, vol.«.p.S32: 1BS4; 
vnl. n. 1855; Arnold, " Zor Pbyaiol. d«r Qalle," DonkBebrin fUr Tiedeaaan : 
Mannluiiia, 1854 ; and " Die plijaiol. AuuUlt iei Univunulut Heidelberg : " IS&S ; 
C. Voit, Bditr. zur Biolog. Fustmbe Th. Iliaohoff lum Doctorjnbiliam, Stutt- 
gart, p. 104 ; P. Bohmanii, FQQger'i Anh., vol. iiix. y. 509 : 1S82. Tlie ob«er- 
vatioDD on icterio patlentaue iumnipJete horinnny villi tlioauon dogd nitli laltar; 
fiHtaln. In Uiia oonneiitioii, see Ft. UiiUei, Sittaiigibirr, drr phi/iikat, mod- Gtt. eh 
WilrOurg, Ho. 7 : 1SS5. 
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sible if we coitBider how high the heat-equiTolent of J 
18, and how difficult it is to replace this potent Bource of 
energy hy other articles of food. It is necesaary for this 
purpose to consume very large quantities of proteid and carbo- 
hydrates, and the digestion of these substances is disturbed 
by the presence of the unabsorbed fat. Therefore only those 
dogs kept their weight which were fed on food as far aa 
possible free from fat, and that in very large quantities. 

It is, therefore, an undoubted fact that bile aids in the 
absorption of fat. This power is explained by the emulsifying 
action on fats already mentioned (pp. 193-194), which the 
bile possesses in common with tbe pancreatic and intestinal 
juices. In agreement with this is the fact that the withdrawal 
of the bile oaly diminishes the absorption of fat, and does not 
completely stop it. Possibly it is not only the emulsifying 
action of the bile which assists in the absorption of fat. 
Wistingbausen • showed that when oil is separated from n 
watery fluid containing bile in solution, by an animal mem* 
brane soaked in bile, it filters through without ary pressure, 
whereas it can only be made to pass through a membrane 
soaked in water by the employment of high pressure. But 
the intestinal wall does not behave like a dead membrane. 
Thanhoffer,t who first observed in the frog's intestine tbe 
ftotive functions of the epithelial cells in the absorption of fata 
(compare above, pp. 8 and 4), also mentions that the move- 
ment of the protoplasmic processes becomes more active 
when the epithelial cells are moistened with bile. 

No action of bile on albumen could be demonstrated in 
experiments on artificial digestion. A slight diastatic effect 
was indeed noticed, but, for the reasons above stated 
(pp. 203-204), no weight can be attached to this observation. 

* WifltingliauBen, " Bxporimeiita qiindom endoamatioa do bilia jn KbMtp- 
tiooe adipum nautnilium partibuB," Diuwrt.; Dorpat, 1651. AtraDBlHtlou at 
thu diswrtDtion vm publialiod by J. Sleiuer ib Du Buie* Areh., p. 137: 1873, 

t Ludoig Toii TUauhoffer, PQujjQi'a AtA., voL viit. p. 40ti : IS7t. 
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An antiseptic property has also been ascribed to bile, on 
account of the pntrefactiye phenomena, mentioned above, 
which appeared in the intestine of animals provided with a 
biliary fistula. But, as was then shown, these signs of putre- 
faction are capable of another explanation : they depend only 
indirectly upon the absence of the bile. For as the bile 
cannot even protect itself from putrefaction, it is evident 
that it can have but little antiseptic power. Any one who 
has experimented with bile knows that it emits a strong 
putrefactive odour after a few days, even when kept at the 
temperature of a dwelling-room. The doctrine of the anti- 
septic properties of bile has recently again found sup- 
porters in Maly and Emich.* They affirm that the biliary 
acids, and especially taurocholic acid, prevent 7the develop- 
ment of putrefactive organisms, and that taurocholic acid in 
many cases is nearly as powerful as salicylic acid and phenol. 
This view has been confirmed by Lindberger.f But still it 
is only the free biliary acids that hinder putrefaction, and 
not the salts. This explains why bile itself, which is alka- 
line or neutral, rapidly decomposes outside the body, whereas 
the biliary acids can only develop their antiseptic properties 
in the upper portion of the small intestine, where an acid 
reaction prevails. 

♦ Maly and Fr. Emioh, Monatshefte f. Chem., vol. iv. p. 89 : 1883. 

t V. Liudberger, BuUeiin delaaoc imp. des naturaliste$ de Motcou ; 1884. 
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LECTUEE Xn. 

THE PATHS OF ABSOBPTION, AND THE IMMEDIATE DESTINATION 

OF THE ABSORBED FOOD-STUFFS. 

We have hitherto been considering the fate of the food- 
substances in the intestine, and the preparation they undergo 
previous to absorption. Our attention must now be given 
to the paths which the food-stufifs follow in undergoing 
absorption. 

The investigations of Ludwig and of his pupils Rohrig,* 
Zawilski,t von Mering,J and Schmidt-Mulheim,§ have thrown 
an unexpected light on this subject. Till quite recently, it 
was commonly assumed that the main stream of nutriment 
passed from the intestine through the thoracic duct. But 
Ludwig's experiments have shown that it is only the fats 
which take this path. The whole stream of watery solutions, 
carbohydrates, proteids, salts, etc., proceeds from the intestine 
to the heart, through the portal system and the liver. The 
watery solutions penetrate the walls of the capillaries which 
form a network on the internal surface of the intestine, and 
enter the blood direct. The droplets of fat alone are brought 
to the commencement of the lacteals by the active movements 
of the epithelial cells. | 



* A. Rohrig, £tr. d. sacks. Ges. d. WissenscJi. Math. phys. Classt, vol. xxvi. : 
1874. 

t Zawilaki, Arbeiten aus dtr physiol Anntalt zu Leipzig, p. 147 : 1876. 

; von Mering, Du Bois' Arch., p. 379 : 1877. 

§ A. Schmidt-Mulbeim, ibid., p. 549. 

U For the primary courat of the fat-drops in abborption, comp 'ro ai>ov( , j»p. '6 
aud 4. 
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If, in a li\-ing dog, the spot where the thoracie duct opens 
into the jugular vein * be laid bare, a canula may be intro- I 
duced into the duct, and the amount of chyle that flows 
out in a given time estimated. The astoniBhing fact was 
discovered that the amount was no greater during digestion 
than in a fasting animal. T The sole difference was that the 
fluid was transparent in the case of fasting animals, whereas, 
after food, it was white and opaque from the presence of 
minute particles of fat. 

Un the other hand, the amount of sdoab in the chyle was 
not found to be greater during the digestion of starch and 
sugar than in the fasting animal — O'l to 0*2 per cent.} The 
amount of sugar in the chyle was always the same as in 
the lymph from the cervical lymphatic trunks, and in the 
serum § of the arterial blood. The sugar of the chyle had, 
therefore, passed through the walls of the intestinal capil- 
laries into the chyle-vessels along with the blood-plasma. 
From inside the intestine no sugar could get through into 
the chyle. 

Three hundred and fifty cubic centimetres of chyle, con- 
taining only 0'45 grm. of sugar, flowed during the space of 
four and a half hours from the thoracic duct of a dog, after 
it had eaten 100 grms. of grape-sugar and 100 grms. of 
starch. II 

We must, therefore, conclude that the sugar roaches the 
capillaries and the portal system direct from the intestine. 
Meriug's observations, dealing especially with this point, lead 
to the same conclusion. In a fasting animal, the amount 
of sugar is as great in the blood-serum of the portal vein as 

■ For the mode of oporatioii and tUe precaatioDs adopted during the rab- 
soquent post-morUim, »eo A. Kulidg, loe.ett., pp. 12, 13; aud SDhmldt-MQlbeiiu, 
luA eit., pp. 909-561. 

t Zttwilaki, ioc. eit., pp. 161, 162. 

i van Mcriug, lie. cit., pp. 382-381, 398, 

§ The bluod.«arpiuolufl oontaln no aaxai, nc ouly a trace of it {see vau 
Mi'riiig. loe. dl., p. 3S2i and A. M. BhUe. Va Bail' Areh., p. b*!: 1S79}. 
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1 Mering, loc. eit., p. 308. 
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it is in tbe Eemm of the hepatic veins and of the artetml 
hlood. After a diet of carbohydrates, the quantity of sugar 
increases in the blood-seram of the portal, but not in that 
of the hepatic veins." 

It appears to me that these facts may be moat readUy 
interpreted as follows. The Uver has the duty of regulating 
the amount of sugar In the blood. Sugar is important as 
a source of energy, as material for the work performed by 
muscle and other organs. It is essential that this material 
should circulate through the capillaries of the organs in the 
necessary proportion. In fact, tbe amount of sugar in the 
blood has always been foond tolerably constant, and this in 
many investigations, and under the most varied conditions, 
both in a state of starvation ajid in repletion. The amount 
varies in the total blood between 0"05 and 0*15 per cent., and 
is seldom more than 0"2 per cent. As soon as there is more 
than O'S per cent., caused by injection of solutions of sugar 
mto the blood, or under pathological conditions, some of it 
passes into the urine. A surplus of sugar in the blood la 
normally prevented by the hver. As soon as the amount 
of sugar in the portal blood is increased by the digestion of 
carbohydrates, and threatens to increase that of tbe total 
blood, the liver retains some of the sugar, and stores it up 
in its cells in the form of a colloid carbohydrate, glycogen, 
which must be regarded as a polymerisation-product of sugar 
(compare Lecture XYIII.). But as soon as some of the sugar 
baa been used up in the organs, and the amouut in tbe blood 
is about to sink below the normal, tbe liver gives up a port 
of its store. Tbe Hver contains a ferment which can at any 
time reconvert the glycogen into sugar by a process of 



* Ton Uering, he. cit,, pp. 410-415. A Hes<^riptiau or the perfecM mt^tbol1 
or DbtaiiiiiiK blood from [be porCul &a<l Impalic veiiu a given ul pp. lOT-llO. A 
•DmniBTy of the earlifr lileratnre oa the amanot of sugar in the blood of tba 
jwrtiil and hepatic vcina, kud an occoiiot uF tlii- long uorittut on Ibis iiubji<i.'l, 
will bu foDDd at pp. 402-i0€. 
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aecomposition accompanied by hydration. This BUgar 
reaches the heart by the blood in the hepatic veins. • 

If we pursue this teleological consideration, the question 
arises as to the reason why the amount of F4T in the blood ia 
not regulated in the same way ? The atraam of fat being 
poured freely into the innomminate vein goes almost directly 
to the heart. May not this be fraught with danger ? The 
blood is, in fact, frequently overflooded by the stream of fat. 
If blood, which has been taken from a dog a few hours after 
a meal containing an abundance of fat, be defibrinated, the 
serum separated out after the blood- cor pUBcIes have sunk, 
appears as white as milk, occasionally with a regular cream- 
like layer on the top. This abundance of tat in the blood 
is quite harmless, because the fat-droplets are bo small that 
they circulate without hindrance through the capiUaries, 
The fat gradually disappears from the blood, for the obvious 
reason that it travels through the walls of the capillaries, and 
becomes stored up in the cells of the connective tissue (com- 
pare Lecture XX,). It is impossible for the fat to be decom- 
posed within the vessels, since, as we know, processes of 
oxidation never take place in the blood (see Lecture XIV.), 

The fat which reaches the blood under abnormal con- 
ditions behaves very differently. In comminuted fractures of 
the bones causing a destruction of the marrow, which contains 
a great deal of fat, or when the soft parts containing much 
fat are damaged in any way, fat-droplets are often drawn into 
the lymph-vessels and carried with the lymph into the blood. 
If the amount of fat is considerable, the larger particles of 
fat block the pulmonary capillaries over wide areas, cedema 

* The amoact of sugar in the blood of the Iiepatio veins maet iwconliDgljr be 
mmetimeB amaller and lOBietLines gnalur than that in the porlal blood, wbich 
eipluiiiB the appareot disorepLncj among the iuveatlgalors. It aioht alio be 
Tsmembered that in ooDseqaenoe of ibe abnormal irrilation of the liver, canaed 
by obtniuing the blond from Iba li^p.itio vein, a decrease of glyoogen and an 
inOTeaae of angar in the blood of the liopatiu »ein is vary liable to oocut (oompore 
A. H. Bleile, Dd Boia' Areh., pp. 71, 75 : 187S). 
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of the lungs is set np, and it oecaaionally happens that the 
patient dies with all the signs of increasing dyspncea. The 
fat may in these cases seek a way out through the kidneys, 
and the occurrence of droplets of fat in the urine after 
fractures of hone is not at ail nncommon. 

The question might now be raised as to why this fat, 
which reaches the blood from the tissueB, is not emulsified 
into minute droplets, seeing that the blood contains carbonate 
of sodium and other basic alkaline salts. The answer is to be 
found in the fact, already mentioned (p. 193), that carbonate 
of sodium can only emulsify fat which has a little free fatty 
acid mixed with it, and not neutral glycerides anch as fresh 
fats are. But no fat can he fresher than when it comes 
straight from the h\-ing tissues into the current of blood. 

It has not yet been decided whether all fat passes &om 
the intestine into the lacteals, or whether a part enters the 
blood directly through the walls of the capillaries of the 
inteBtinal villi. Even if a portion does take the latter path, 
it appears to be inconsiderable. Zawilsky found very little 
fat in the blood of a dog, which had been fed on a highly 
fatty diet, and whose chyle was drawn off. If fat passed into 
the capillaries of the intestinal villi to any extent, we should 
espeet to find that an abundant diet of fat would be followed 
by a perceptibly larger increase in the portal than in the 
arterial blood. Comparative estimates, made in Heidenhain's 
laboratory, showed that there was the same amount of fat in 
both kinds of blood.* An average of five analyses of blood 
from the same number of dogs gave — 
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The only question that remains for us to consider refers 
* Heideahain, Pfltigei'B Areh., Tot. ili Suppl. heft, p. 05 : 1888. 
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to the path the proteids take in order to become absorbed. 
There are special difficulties to contend against in esperi- 
meuts on this subject, because proteids already form the 
chief constituents of blood and lymph. If we consider how 
large is the amount of blood which passes through the intes- 
Unal capillaries, we cannot expect to be able to trace an 
increase of albumen in the blood in consequence of intestinal 
absorption. Lndwig and Schmidt - Mulheim, therefore, 
adopted another method. They tied the thoracic duct, and 
found that this did not in any way prevent the absorption 
of the proteid, and that, therefore, the proteid takes the other 
path, through the portal vein. I will here quote one of these 



Weight of dog, 14'73 kgrms. The dog, which had pre- 
viously fasted for four days, passed all his urine before the 
operation. The jugular and subclavian veins and lymphatio 
ducts on both sides were now tied. An hour after the 
operation, and again on the following afternoon, the dog ate 
on each occasion 400 grms. of meat ; and the whole time was 
in excellent condition. Forty-eight hours after the operation, 
the animal was killed by opening the carotid. On post- 
mortem examination, the chyle was found completely shot off 
from the blood-vessels. The alimentary cnnal contained 
7'37 grms. ,N. It thus appears that 583*24 gi'ms. of meat 
were absorbed after complete interruption of the chyle-current. 
The urine secreted after the operation contained 21'9S N, an 
amount corresponding to the food absorbed. 

Four other experiments carried out in the same manner 
gave the same result. We thus see that albumen, like all 
food- substances dissolved in water, enters the blood directly 
through the walls of the intestinal capillaries. 

The question now arises, whether all albumen, in order 
to be able to follow this path, must be peptonized beforehand, 
or whether a. portion of the albumen is absorbed as such. 
* SoLuidl-Uulkieiai, toe eit., p. 3G5, Exp. 5. 
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There is no a priori ground for supposing that proteid is 
not absorbed unchanged. If fat-droplets, visible under the 
nueroecope, and even entire leucocytes, can leave the blood- 
capillaries and travel through the tissues, why may not a 
proteid molecule find its way through the capillary wall ? 
Voit and Bauer have endeavoured to prove this eiperi- 
mentally.* A coil of small intestine of a live dog or eat was 
cleansed of all contents, and a piece of a certain length was 
tied at both ends with a double ligature ; a solution of proteid 
■was then injected into this ligatured piece, the coil replaced, 
and the wound in the stomach closed. The percentage of 
proteid contained in the solution being known, the operators 
estimated the quantity injected by the loss of weight of the 
Bj-ringe used. After a few hours the animal was Hlled, and 
the amount of proteid in the piece of intestine was estimated. 
It was invariably found that a considerable portion hod 
disappeared in from one to four hours — from 16 to 38 per 
cent, of egg-albamen, from 28 to 05 per cent, of acid albumen 
prepared from muscle. Voit and Bauer refute the obvious 
objection that the coil of small intestine was not thoroughly 
cleansed from the peptic and pancreatic ferments, as they 
found that the remainder of the proteid in the piece that had 
been tied was always completely coagulable by boiling. No 
peptone was present with the proteid, 

Voit and Bauer have also injected solutions of proteid into 
the rectum of fasting dogs, and determined the absorption of 
the unchanged proteid from the increased secretion of urea. 
Eiohhorst t draws the same conclusion from similar experi- 
ments. These experiments are open to the objection that 
the pancreatic ferment may extend into the rectum. The 
experiments of Czemy and Latschenberger,} however, are 
free from this objection, because they were made on a man 

• G. Voit and J. Buiier, Zeiltebr. /. Btotog., vol, v. p. 562 ; 1809. 

t Hermann EiolilioiBt, PflugBr"B Areh,, vol, iT. p. 570 : 1871. 

t T. CtetDj und J. Latachonburger, VkcLuw'i Arch., vol. lix. p. ICl : ,1871. 
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with an artificial aniis at the sigmoid flexure. The rectaiu 
could be syringed quite clean through the fistula. If a 
solution o[ proteid were then injected, and the rectum again 
washed out after from twenty-three to twenty-nine hours, it 
was found that from 60 to 70 per cent, of the proteid had 
disappeared. 

A few authors have gone so far as to maintain that only 
the unaltered proteid is of any use after absorption in 
replacing the proteid used up in the tissue, and that the 
peptones, on the contrary, undergo rapid further decompo- 
sition, and only serve as sources of energy. 

Certain facts seem to agree with this view. A fasting 
animal is very economical with its store of proteid, and its 
excretion of urea is very limited ; whereas, after a meal 
consisting largely of proteids, an amount of nitrogen closely 
corresponding to the proteid eaten reappears in the urine in 
the course of the next twelve hours. It might a pri-ori be 
expected that the nitrogenous equilibrium would be maintained 
if a fasting dog were to eat as much proteid as corresponds to 
the nitrogen excreted in hunger, together with plenty of non- 
nitrogenous food. It might be thought that it would be in- 
different whether the necessary proteid were derived from the 
food or from the animal's own tissues, fiut it is not so. If 
a fasting dog be giveu only as much proteid as corresponds to 
the proteid used up in tasting, it still goes on using up 
the nitrogenous constituents of its own tissues. Nitrogc^uous 
equilibrium, i.e. the condition in which the animal excretes 
no more nitrogen than he takes in, is not established until 
three times as much proteid is given.* 

Ludwig and Tschiriew t injected into the vein of a dog 
deBbrinated blood from another dog. This only caused an 
inconsiderable increase of nitro^'fu ma excretion. But if they 
gave the dog the same quantity of blood by the mouth, the 

• Voit. ZfilMAr. f. Bioloff., ml iii. pp, 29. 30 : lfi07, 

t a TMhiriew, AiMt«a om (i«ni pkyiioL JiulitiU ta Leiptig, p. t41 ; 1S7I. 
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escretion of nitrogen rose proportionately to the amoi 
given. Forster * attained the same result in sinular 
expejiments. 

Proteid, therefore, behaves very differently according 
to the vmy in which it reaohes the blood and the tisHiieB. 
When taken np from the intestine, it rapidly undergoen a 
dfiBtmctive metabolism. 

This fact was quoted in support of the theory that 
peptones are not assimilable. It was claimed that proteids 
absorbed from the intestine, being mostly peptonized, mnet 
therefore go on decomposing rapidly ; and, further, that only 
that portion of the proteid which is absorbed as Buch can be 
used in building up the tissues. 

But the facts are capable of another interpretation, for 
we now know that the peptones are, after absorption, re- 
generated into proteid. The following experiments show 
this to be the case. 

Plosz t fed a dog ten weeks old for eighteen days on an 
artificial milk, in which the casein and the proteids were 
replaced by peptones. The animal kept its health on this 
diet, and its weight increased from 1335 to 18S6 grms., or 
87*5 per cent. It is very improbable that the weight could 
increase so mncb without a corresponding growth of the 
tissues containing proteid, which must, therefore, have formed 
from the peptones of the food. 

FIosz and Gyergyai i made a eecond experiment on a 
full-grown dog. The animal was fed for six days on on 
artificial mixture, containing peptone instead of proteid. 
During this time the weight increased somewhat, and the 
excretion of nitrogen was a little less than that taken in. 
This experiment, again, can only be interpreted to mean that 
proteid had been formed from the peptones. 

* J. Voniei, ZeiUehr. f. Bi'olofi., vol. ii. p. 498 : 1875. 

t P. Ploaz. Pflliger'a Arth., vol. ix. p. 323; 1874. Compare Malj, ibid,, toI. 
ii. p. e09 ; 1874. 

* P. Plnn ftnd A. Gjergyai, ibid., toL s. p. MS : 1875. 
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The proteid stored in the animal tisBues may come from 
two soarcea : from that which haa been absorbed nnaltered, 
and from that formed by the regeneration of the peptones. 
But what quantitative proportion do they bear to each other ? 
How large ia the portion of the proteid of the food which ia 
peptonized in the inteatine? Sohmidt-Miilheim ' tried to 
find an answer to this m the following manner. He fed six 
dogs on boiled meat, killed them one, two. four, six, nine, 
and twelve hours after the meal, and examined the contents 
of stomach and intestine. In each case he found considerably 
more peptone than dissolved proteid, both in stomaob and 
intestine. It thus appears that the greater part of the proteid 
became absorbed after peptonization. 

What ia the fate of peptones after absorption ? They are 
either not found at all or only in very small amount, in the 
blood of digesting animals. Sohmidt-Miilheim gives the 
m&ximnm as 0*028 per cent, of aerum ; Hofmeieter found 
that it amounted to as much as 0'055 per cent, of the total 
blood. Peptonea are not found in the blood of fasting 
animals.t As might be expected, they cannot be detected in 
chyle, not even when they are found in the bbod.} If pep- 
tone be injected into the blood, it passes into the uftne,§ and 
□one can be traced in the blood after from ten to sixteen 
minutes. Q Hofmeister has shown also, that after subcutane- 
ous injection the greater part of the peptone — aa much as 72 
per cent, — reappears in the urine. IT 

As normal urine never contains peptone, the peptone 



• SphmWl-Malhcira, Du Unit' Anh., p. « : 1879. 

+ Iliy„pp, H8-12: 1880: HofraeiBler, Zeilichr. /. phfjii'il. CTfm., Tol, y. p. 
U9: IXSI : Hn<l Tnl. vi. p. 60. el irq. 

t Snhmldt.MulUeim, Dn Bole' Jr<A., p. 41 ! 1880: Uofmeiatei, Ami,/, ezptr. 
Polk. u. PAn™,. Tnl. III. p. 17: 1885. 

§ P. Plooi Hud A. Grergyai. Pflaser's Arch., vol. i. p. 652: 1875; Fr. 
Hofrnciater. Zeihrhr./. phytid. Chem.. vol. v. p. 131 : 1881. 

n Schtuiiti-Mulbeini, Du Bon' Arch., pp. 18-48: 1880: Fftno, ibiJ., p. 281: 
1881. 

H Ft. HofmeiBler, Zeiltehr./. pkyniol Chen*., »•!. v. pp. 182-187= 1881. 
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absorbed from the intestine must be prevented, by some i 
or other, from passing into this secretion. The larger portion 
doea not apparently enter the general circulation as peptone, 
bat is preWously converted into proteid. But where does 
this regeneration of peptone to proteid take place ? Is it in 
the liver ? If the peptones are considered as decomposition- 
products from albumen, then the formation of proteid froip 
peptone would be analogous to the formation of glycogen 
from BOgar in the liver. But the portal blood either contains 
no peptone, or not more than arterial blood," 

The only remaining supposition is that the conversion 
of peptones into albumen takes place mostly within the 
intestinal walls. The facts observed by Hofmeiater are in 
harmony with this view. He most carefully esamined the 
viscera of doge while digesting, and found that the stomach 
and intestinal wall are the only parts of the body in which 
a supply of peptone is always found during digestion. In 
most cases small quantities of peptones were also foond 
in the blood, and in four out of ten cases in the apleen. No 
peptone was ever detected in any other organs or tieaueB.t 
Hofmeister has also shown that the peptones are always 
stored in the mucous membrane, and never in the muscular 
walls of the alimentary canal. | 

Lastly, Ho&neister has discovered the important fact that 
peptone soon undergoes a change in the gastric and intestinal 
wall.§ The stomach of an animal, immediately after it had 
been killed, was divided into two symmetrical halves by 
incisions in the large and small curvatures, or else a piece 
of intestine was separated by two incisions lengthwise into 
two equal portions. The mucous membrane was washed 
with a dilute solution of common salt, one half was thrown at 

■ Bohmidl-HiilheiiD. Du BoU' Amh., p. 43 : 1880. 
t HofmeiiAei, ZeiUehr. /. phyiiol. CHem,. rn\. yi. p. Bl : 1862. 
I Hofmeiater, Arck. /, mpcr. Falh. u. Pfcortn., Vol. iLi. pp.9. 10: J885. 
5 BoriDiJtRler, Zeittchr. /. phyiiU. Ch«m., rol.ti. pp. 69-73) titJ Ardt.f. txptr. 
Path. «. Pfatm., ToL sis. pp. 8-IS : 1885. 
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once into boiling water, whereas the other one waa previouBly 
put for a little time into a moist chamber at 40° C. Far more 
peptone was always found in the first half than in the second. 
If tbe second half were not placed in the boiling water for 
two or three houra, no peptone was ever found in it. It is 
for teleologioal reasons very improbable that the peptone is 
further split up in the mucous membrane. One can only 
sappoae that the peptone is reconverted into proteid in the 
mncouB membrane of the digestive canal. That it is a vital 
process is rendered probable from a fact observed by 
Hofmeiater. If one half of the stomach were thrown at once 
into boiling water, and the other kept in water at 60° C. for 
a few minutes before being placed for two hours in a tem- 
perature of 40° C, the amount of peptone proved to ba the 
same in both halves. A temperature of 60° C, has been fonnd 
by experience to destroy living animal cells, but not the 
unorganized ferments. The conversion of peptone into proteid 
must, therefore, he brought about by the vital functions of 
the surviving cells of the extirpated stomach. 

The following observation, made by SalvioU " in Ludwig'e 
laboratory in Leipzig, perfectly agrees with these results of 
Hofmeister's. A coil of small intestine, with the piece of 
mesenteiy attached, was cut out of a dog that had just been 
killed. One gramme of peptone in 10 c.cms. solution was 
placed in the piece of intestine, and the ends closed. Then, 
after tying the collateral vessels, a current of warm defibrinated 
blood, diluted with a solution of common salt, was directed 
into a branch of the mesenteric artery, and allowed to flow 
out again by the corresponding vein. Whilst the blood 
circulated, the intestine showed marked peristalsis. After 
the current had lasted four hours, the intestinal contents were 
examined, and were found to consist of about half a gramme 
of eoagulable albumen, with mere traces of peptone. Nor 
was there any peptone in the blood that had made the circuit. 
* Goetatio SalvloU, Da Bou' Anh., Snppi.. p. 112 : ISSO. 
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But if peptone were added to the blood beforehand, it was 
always found unaltered at the end of the experiment. The 
peptone, therefore, disappears in the intestinal wall on the 
way from the intestinal contents into the blood. 

I must now return to an observation on the behaviour 
of peptones, and discuss it in somewhat greater detail. We 
have seen that the reconversion of peptones into albumen 
within the intestinal wall is usually not very complete; a 
part of the peptone generally passes, unchanged by digestion, 
into the blood. Now, what is the further fate and the signifi- 
cance of this portion? Why does it not pass into the urine, 
considering that the peptone artificially introduced into the 
blood does so at once ? Hofmeister * remarked this fact, 
for he calculated that the amount of peptone which reached 
the blood after subcutaneous injection, and passed into the 
urine, was much less than the quantity that was found iu 
the blood of animals while digesting, and which did not pass 
into the urine (compare p. 227). Thus the peptone that 
has entered the blood from the intestine behaves differently 
from that which reaches it in any other way. Hofmeister 
explains this fact by saying that the peptone which has 
reached the blood from the intestine is not contained in the 
plasma, but in the lymph-cells. The reasons which cause 
him to adopt this view are as follows : — 

1. Considerable quantities of peptone are found in pus, 
and, moreover, principally or even exclusively in the pus-cells, 
which are identical with the lymph-cells and the colourless 
blood-corpuscles or leucocytes.f 

2. When the blood of an animal was examined during 
digestion, the serum was free from peptone ; whereas the 
uppermost layer of the blood-clot, which always exhibits most 
leucocytes (compare Lecture XIIL), was found to contain 0*09 
per cent, of peptone.} 

• UofmeUter, Zeittchr.f. phytiol. Chem.^ toI. t. p. 148 : IS81. 

t Ibid., vol. iv. p. 274, et teq. : 1880. J Ibid., toL Ti. p. 67 : 1882. 
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3. The percentage of peptone in the apleen, which ia well 
known to contain leucocytes in abundance, was always found 
to be higher than that in the blood of the same animal. 

4. The adenoid tissue, which containH a moderate namber 
of lymph-cells in famishing and hungry dogs, is literally 
oyerflowing with them in the case of well-fed dogs." 

6. The cells in the adenoid tissue of animals while digesting 
show more nuclei undergoing karyokinesis than those of 
fasting animals.t 

Finally, Hofmeister's pupil, J. Pohl,| has shown that the 
number of leucocytes in the blood increases during the 
digestion of food rich in proteid, bnt not during the absorption 
of carbohydrates, fats, salts, and water. PobI has also ahowu 
that this increase of leucocytes proceeds from the intestinal 
wall, for there was always a much larger number in the 
intestinal veins than in the corresponding arteries. 

Thus it appears that the lymph-cells serve not only as 
the means of transport for the peptones in the blood-current ; 
their increase and growth appear to be intimately connected 
with the absorption and assimilation of nitrogenous food. 
As the number of leucocytes in our body is always the same, 
it follows that, as the proteid becomes absorbed and new cells 
are produced by division, a oon^esponding amount of old 
lymph-cells must die off and decay. This, perhaps, partially 
explains the above-mentioned fact, that the absorption of 
large quantities of proteid is followed by rapid destruction of 
a corresponding amount of proteid. 

At the same time, we are not bound to assume that all 
the peptone which disappears in the intestinal wall ia 
reconverted into proteid in the lymph-cells of the adenoid 
tissue^ and that this reoonversion only takes place through 

• Uofmeictet. Zeit*ehr./. phygiol. Ohem., vol. r. p. 150: 1881. 
t Uofiuoistw, Areh, /. taper, I'atk. a. Plutrm., vol. xix. p. aa ! 1885. Oonipnre 
bUo vol. II. t>|). ^91-305: 1»SS: andvoi. uii. p, SW: I8S7. 
I JuliDi PoH ibid., roL xxr. p. HI : 1888. 
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tbe aeeimilation, growth, and diTision of lymph-cells, Heiden- 
hain* Las called attention to the fact that the nuclei under- 
going karyokinesis in the lymph-cells of adenoid tissue are 
not sufficiently numerous to justify such a conclusion. He 
considers that the reconversion of the peptones into proteid 
may occur to a large extent in the epithelial cells, which then 
Burrender it to the blood-plasma of the capillaries forming a 
network around the intestinal villi, immediately below the 
epithelial cells. 

We must now consider what happens to the peptone, 
which has reached the blood from the intestine. As already 
mentioned, it very soon disappears from the blood, without 
passing into the urine. Where does it undergo a change? 
The conversion does not take place in the blood itself. 
Hofmeistert took two samples of blood from the carotid 
of a dog during the process of digestion. The first was 
immediately tested for peptone ; the second was kept for 
two and a half hours at S7° C. before being tested. The 
amount of peptone was found to be exactly the same in both 
cases. Hofmeister also laid bare to the utmost extent the 
carotid and crural arteries of a living dog, applying ligatures 
above and below, as well as to the lateral branches. After 
half an hoar, the pieces of artery which bad been tied were 
taken out, and their contents removed. Peptone was found 
in them. It does not, therefore, disappear in the blood, and 
must consequently pass into the tissues from the capillaries. 
This is in accordance with the fact that during digestion, 
when the arterial blood contained large quantities of peptone, 
the blood of the corresponding veins waa found to be devoid 
of any.} 

Armed with this knowledge concerning the behaviour of 
peptones in the body, we are now in a position to explain tho 

* Beidetihsin. PflOgt^r'a Afh,. Suppt., tciI. xll. pp. 72-74. 

t Hofiiicisler, Areh.f. cxper. FaUt. h. Pftornt, Yol, lii. p. 23; 188i 

• ll>id., vol. xix. p. 30 : 188S. 
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hitherto enigmatic appearance of peptone in the urine in 
certain forms of disease. We have seen that the peptones 
pass into the urine as soon as they reach the blood by some 
other means than from the intestine. This is obviously the 
case in all those pathological processes in which peptonuria 
occurs. Probably in all such cases there is a pathological 
disintegration of necrotic tissue, as the result of which 
peptone is formed and is absorbed into the blood ; * as, for 
instance, in those diseases in which there is a considerable 
accumulation and decomposition of pus — in empyema, puru- 
lent peritonitis, pyelitis, in some cases of phthisis with large 
cavities, and the like. The appearance of peptone in the 
urine in the stage of resolution of croupous pneumonia may 
be explained in a similar manner: the peptone reaches the 
blood when the exudation in the lung is absorbed. As a 
matter of fact, Hofmeister was able to demonstrate the 
presence of a considerable quantity of peptone in the infiltrated 
pneumonic lung. 

* E. Maixner, Prager Vierielj., vol. czliii. p. 75 : 1879. HofmeiBter, Zeitsehr. 
}, physiol. Chem'y vol. iv. p. 265 : 1880 ; B. von Jaksch, ^Uchr, /, klin, Med.^ 
vol. vi. p. 413 : 1883; H. Pacanowaki, ibid., vol. ix. p. 429 : 1885. 



( 234 ) 



LECTCBE XIII. 



BLOOD A5D LTMPH. 



Hathio followed the course of the alimentary substances as 
far as their entrance into the blood, we will now proceed to 
consider the blood itself. 

The first thing that strikes us when we begin to examine 
the blood, and that which offers the greatest difficulties to 
chemical analysis, is the phenomenon of coagulation. As 
soon as the blood leaves the vessels of the living animal, a 
part of the proteids passes from the apparently soluble into 
the coagulated condition. The quantity of this colloid sub- 
stance, commonly called fibrin, is relatively very small. It 
does not usually exceed from O'l to 0'4 per cent, of the weight 
of the blood. Nevertheless, the passage of this small amount 
into the coagulated state converts the whole blood into a 
more or less solid jelly-like mass. On standing, this mass 
contracts, sometimes to half of its original volume, and 
squeezes out the contained fluid, whilst the corpuscles are 
almost wholly retained. Thus the coagulated blood separates 
into clot and serum. Serum is therefore plasma minus 
fibrin ; the clot consists of the closely packed blood-corpuscles, 
with a small residue of serum and the coagulated proteid, or 
fibrin. 

If, however, the blood be beaten with a glass rod whilst 
coagulation is proceeding, the coagulating substance attaches 
itself to the rod in the form of small fibrous masses, which 
coalesce with one another^ and contract round the rod so 
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that they can be removed with it. In thia way so-callod 
defibrinated blood is obtained, which remains fluid, and 
consists of serum with blood -corpuscles suspended in it. 
When we remember how great a tendency to pass into u 
coagulated modification is shown by all colloid bodies (com- 
pare pp. 50-53), the phenomenon of coagulation ought not to 
surprise ua. Moreover, it ia by no meana a peculiarity of 
the blood. Lymph and chyle are likewise coagulable. The 
appearance of rigor mortis in dying muscle depends upon an 
essentially similar process, and it is probable that the death 
of every living vegetable and animal tissue is accompanied 
by a passage of a part of the proteid constituents from the 
Suid to the coagulated state. Coagulation of the blood is, 
therefore, not a vital process — it indicates the commencing 
dissolution of the dying blood ; it might, therefore, be thought 
that the subject of coagulation was beyond the scope of 



The coagulation of the blood, however, subserves a very 
important process ; it greatly aids in preventing bleeding 
when a blood-vessel is injured, and so far it may he con- 
sidered as a physiological process, one of the means of self- 
preservation possessed by the organism. 

The nature and causes of coagulation possess an extreme 
interest from a pathological point of view. For it is well 
known that, under certain pathological conditions, coagulation 
of the blood takes place in the vessels during life ; and this 
process leads to disturbances of the most varied character, 
and may be a cause of death. 

Hence it is a question of great importance to know what 
causes the blood to remain fluid under normal conditions in 
the vessels during hfe ; what the exact nature of the whole 
process is ; what the substance is which separates out ; and 
what the causes of its separation are. In spite of many 
researches, we are not yet in a position satisfactorily to 
answer this question. The little that is positively known we 
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will consider in detail. First of all, we know that the ooaiaot 
of the blood with the normal living vessel-wall prevents 
coagulation.* If, in a living animal, a blood-vessel be tied 
at two points, the enclosed stagnating blood does not coagulate 
for several hours, but it does ho very quickly if it be allowed 
to escape from the vessel. 

Briicke showed that the blood in the heart of the tortoise 
remained Huid after the heart had been removed from the 
body, when the vessela bad been tied. If minute glass tubes 
were inserted into some of the vessels, so as to fit them 
exactly, and to prevent the blood from coming into contact 
with the wall of the vessel, it was found that the blood 
dotted in these tubes, but remainod fluid elsewhere, in the 
other vessele and in the heart. Indeed, Briicke observed that 
any foreign body introduced into the blood became covered 
with a layer of fibrin. 

When a vessel is ligatured, the blood after a time 
coagulates from the point ligatured down to the first branah 
given o£E from the vessel. The coagulation always starts 
from the ligatured spot, where the endothelium of the vessel 
is injured. It may also he supposed that the whole endothe- 
lial lining, from the injured spot to the first branch, is 
altered and no longer normal, since it does not obtain the 
usual amount of specific nutriment in consequence of the 
stagnation of the blood. 

In this way the occurrence of thrombosis, in consequence 
of atheromatous degeneration of the lining membrane, or 
as the result of the compression of the vessel by a new 
growth, etc., may be explained.f 



' E. BrBcte, Vircliow'« Jn-A., vol. xii. pp. 81, 173: 1857. 

t Oa the origiu of thrombi oulii Vircl>ow'» resenrclKs in his " OeBammellen 
AbbnndluDgen eut irisHenKhnfUichen Medicin," pp. 59-732; Frankfurt a. H., 
1856; furlher F. W. Zahn, Virelmw'B Ardi.. »ol. I»ii. p. 8! : 1B7S ; and J. C. 
Kberth and 0. SchimmelbnBcli, Virehow's Arfh,, vol. ciii. p. 39: 18S6; and vol. 
ov. pp. 3^1, 456: IttSti. A general survey of the literature of the BUbJect U 
given here, 
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We know, further, that the coagulation of the blood is 
constantly preceded by the death and breaking up of the 
white blood-corpuscles. It would appear that in Bome way 
or other the products of the breaking down of leucocytea 
enter into the formation of the clot." Mautegazza pointed 
out that only those fluids are spontaneously coagulable which 
contain leucocytes, such as blood, lymph, and pathological 
transndations.t and that the fluids lose their power of clotting 
as soon as the leucocytes can be removed. Johannes Miiller t 
had shown that, if frog's blood be diluted with a solution of 
sugar and filtered, the large red blood-corpuscles remain in 
the filter, whereas the filtrate coagulates. Johannes Miiller 
therefore concluded that the coagulating matters arise from 
the plasma. But Mantegazza showed that the small and 
soft colourless blood-corpuscles get through the filter-paper 
ia this experiment, and that if the colourless corpuscles are 
retained by the use of very fine filter-paper, the filtrate ia 
not coagulahle.5 

When Mantegazza drew a silk thread through the vein 
of a living animal, he found that in two minutes it was 
covered with leucocytes, and fibrin commencing to form round 
them. If the experiment lasted longer, the thread became 
surrounded with a strong white ooagulum, which was always 
crowded with leucocytes. Other foreign bodies introduced 
into the blood-current behaved in the same manner, and, 

• Thfl view tliftt Bbrin aroeo from the breakine up of tbe leupocyle* «»a firrt 
ad'ipled by William AiidisoD, London Medical QatelU, new Ber., toI. i., tor tha 
MBSion 18M-1841, pp. 477, 680; and bj Lionel Beale, Qvar. Jimm. of lUierot, 
Sdenet, t. liv. p. +7: 1864: «nbBequButly hy Paolo M»ntogBZj», "Riceiohs 
aperimentnli anil' orit;ma della fibrina e sulln causa drlln rongalnlionn del 
BuiiKae:" Miiano. 1B7L A complete anmunt of this worlt. hy Boll, iip)>eare"1 in 
1871. in tba OnfmB, /. d. med. Witmurh., p. 709: and in 1B76 MnnlognrKa 
pabliBboi liia work in Oerman in Motesohott'a Utilernich. i. Nalvrlehrii (^ 
Xenfhni H. der Thierr, Tol. li. pp. S23-577. Compara E. Tiagol, '■Notiieu 
Uber Bohlnneeoblnl." PflOger'a Jreh., toL jiiiL p. 278 : 1880. 

t MBtite$;azza, Mnleschott'a Unltrtaeh. t. N^urlrhrK, vol. xi. pp. S.'>2, 5S7. 

t Johannes MQller, Handb. d. Phi/iiot. det Metuehen, 1th edit., Tol. L p. 101: 
Coblentz. 1844. 

g HaDtegana, loo. ei't., p. 596. 
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moreover, the rougher their eurface the more extenaive was 
the coagulum, and the more readily did the leucocytes attach 
themselves to it. No coagulum formed round a smooth thin 
platinum wire.* 

Zahn made similar experiments tdth the same result. 
If he introduced email glass rods with smooth surfaces into 
the heart of a live animal, do coagulum resulted. Bat if he 
roughened the rod with a file before insertion, a coagulum 
formed on the uneven surface. Zahn showed, farther, that 
a grouping together and breaking up of leacocytes always 
precedes thrombosis. 

Finally, Alexander Schmidt has carried out very extensive 
experiments on the relation of colourless blood- corpuscles 
to coagulation.! He found that horses' blood was very 
suitable for this purpose, being possessed of two peculiarities 
in which it differs from the blood of other animals hitherto 
examined : firstly, it clots more slowly ; and, secondly, the red 
blood-corpuscles sink far more rapidly. It is thus possible 
to remove the plasma which remains after the red corpuscles 
have sunk to the bottom, before coagulation sets in. By the 
use of cold, clotting is still further delayed. If the blood 
he allowed to run from a horse's vein straight into a vessel 
Burrounded with ice, the red corpuscles fall completely to the 
bottom, and the specifically lighter colourless cells, which sink 

* MBnlpgHiiBN Uie. «'(.. pp. 956-563. 

f Aleiander Schmidt has publishcMi an apcount of the main fneU at his 
cmopieliensiTe rearaiches, with th» title. "Die I«hre von den rfnaents liven 
OerinimngserechdnDngen in dan eiweismrtigen thieriwlioti KorperfHisaigkailen" 
(DoTpBt,C.MfttWe«en,1876), Aleifinder Schmidt"* roore recent in vefltigatioae on 
lbs coegnlstioD of tlie bloixl src contained in the diBBertations by his pupib Hit 
their doctorate :—L. Birk and J. f^atrliiwndabl, IS80: K. Bojanae and Perd. 
Hoffmann. 1881; Ed. von SamBon-Himmelrijema and N. Heyl,18S2i K. Feierlo^, 
K. Slerogt, Fr. RauBclienbuoh, and Ed. von Gr.lacliel, 1883; O. Grolh and W. 
OinhmaDn. 18S4 ; and Jiusib von SamwiQ-UlmmelBtjcrna, ISS5. Compare 0. 
Uammanleii. Pflagcr'a Arch., vol. xiv. p. 211; 1877; and vol. iiz. p. 437: 
J883 : L. Frfde'rioq, Bullel. de TAcatU my. de Belg.. aer. ii. t. Isiv. No. 7 : Jliillet, 
1877 ; .Inn, de la Sop. dt BiAt de Gaud. : 1877 ; " BecherehM tm la mnatitatinn 
da pluniii aangnin." Gaud, Paris, Leipzig, I87S; and L. 0. Wooldridgc, " The 
Nutiiw of CoegulalioD," I88&" , 
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more alowly, form a layer over the red corpuscles (boffy-coat). 
The larger portion of the plasma can now be removed and 
filtered. The colourless cells remain in the filter, owing to 
the solid consistency acquired in the cold, which prevents 
their accommodation to the form of the filter-pores, and their 
consequent passage ; and a pore, clear plasma is obtained 
as filtrate, which now clots very slowly, and yields a very 
slight coagulum. If leucocytes from the filter be added to 
this plasma, abundant coagulation takes place. If all the 
blood, the coagulation of which had been prevented by cooling, 
be allowed to clot at the temperature of the room, the firmest 
coagulum occurs in the bufTy-coat. 

My Dorpat colleague has repeatedly been so bind as to 
show me these experiments with the nnooagulated horse's 
blood. The amount of leucocytes is moat surprising. They 
are undoubtedly far more numerous than in defibrinated 
blood. But the extraordinary variety of tlie forms is still 
more astonishing : from the smallest colourless corpuscles, 
with a diameter hardly greater than that of the red cor- 
puscles, such as one is accustomed to see in defibrinated 
blood, to the large granulated yellowish cells with nuclei, 
and a diameter of more than double — (Schmidt's granule 
masses).* After complete coagulation, these granule masses 
disappear. Schmidt and his pupils say that tbey have 
watched theii' breaking up into minute granules,! ^^^ the 
gradual change of the latter into the fibriu-coagulum, under 
the microscope. These granule masses, and the transitional 
forms between them and the ordinary colourless blood- 
corpuBcles, appear to be much less numerous and to 
break up more rapidly in the blood of other mammals, so 

* A i^iA^Tom of llipue enuiule muaei and fhw preducli of deoinnpoaltion ia 
(t'lvea in tbe DlwrtBlion nf George Semmer, " Ueber die Fssentoflljildaug im 
AmphibieTi-nDd Vofrelblnto and die EntBtehnng der rothen Blutkorpercbeu der 
Bikugethipro : " Dorpnt, Mattiiuen, 1871. 

t HaategBEZB also notiued the graaulm in the plaaow from honea' blood 
(ioc. Hit., p. 563). 
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that it is difficalt to obtain a view of them under the mioro- 
acope.* 

We are unable as yet to decide whether the debrig of 
leucocytes are themselvea a part of the material which forms 
the coagulum, or whether certain products of decomposition, 
reaembhug ferments, give the impulse for the passage of 
certain proteida of the plaama into the coagulated modification. 

The following observation must be cited as beiog partiou- 
iarly important. It appears that a part of the substances 
which excite coagulation remains in the blood after the 
separation of the fibrin. Alexander Schmidt showed that, if 
defibrinated blood or serum be added to lymph or to serous 
transudations, which coagulate very slowly of themselves, and 
give very little fibrin, the fluid would soon be entirely con- 
verted into a gelatinous mass. The fluids of the pleural and 
the pericardial cavities of human beings and of horses are 
usually quite free from lymph-cells, and therefore uncoagn- 
lable. But they coagulate on the addition of blood-seram. 
The fact that coagulation occurs in the vessels after the trans- 
fusion of defibrinated blood, is capable of the same explanation. 
Armin Kohler t showed that if blood were taken from a 
rabbit, defibrinated, and then injected into the vessels of the 
same animal, death ensued owing to clotting m the vessels. 
For this reason, the therapeutic use of transfusion has fallen 
into diatiBe.} 

* With the Old ot the improTed miaRMMpea. nnBlI gronalea and " pl&ttchen " 

bttTe reBently befln diBooTerad in the blood, vrbiob nre wnaidered to ba form- 
elemeDta, and are supposed to participate ID tlie ooagulation of tho blood. 
Alexander Si-hmblt explaina these stmctnrea aa being the dihrit at hia gnraele 
■suaea. In thia eonDnutioD vide. O, Hayem. Q)mpt. rend., t IxuTi. p. 58 : 1878 ; 
J. Blxcoxero. Virohon'a JrcA.. vol, lo. p. 261 : 1882; M. Iviiwll, SWmwjiAer. ifcr 
Wientr Aknd., Tol. lixsix. p. 270 ; and Tol. xo. p. 80 : 18B1 : and L. C. Wool. 
■Iridge, in the "Beiti&ge zdt Physiologie, Car! Ladwig eu aeinem siebzigiten 
GBburtstage gewidmet von Beinen Schalorn." p. 221 : Leipstie, Voi;"1, 1887. 

t Aimin Kohler. " Ucber TbnmboBe and Tntnefiuion, Eiter und acptisijhe 
Infection, n. deren Beziehungen lum Fibrinfennent : " Dorpnt, 1877. 

t E. *on B«rin[maoo hag published, in the form of a lecture, b very inteieating 
Mcount ttnd oritioiam of the literature oa the tnHuruaitm of blood, " Die Sohiok- 



CHEMISTRY OF THE BLOOD. 

From these remarks on the coagulation of the blood, it 
may be seen what difficnlties have to be encountered in the 
chemical examination of the blood, and especially in any 
attempt to obtain a separate quantitative asalysiB of plasma 
and of blood-corpuscles. 

The pure unaltered plasma, as procured from horse's 
blood, according to Alexander Schmidt's method, has never 
been analyzed. The serum has been analyzed, and the 
composition of the plasma has been deduced from that of the 
serum. It was considered that the composition of the plasma 
was ascertained when the fibrin was added to the serum. 
But we now know that the calculation is not so easy. We 
do not know which constituents of the plasma take part in 
the coagulation, nor which products of the decomposition of 
lymph-cells paas into the serum. We do not know what 
should be removed from or what added to the serum in order 
to determine the composition of the plasma. 

We are met by insuperable difficulties in the endeavour 
to tree the red blood-corpuscles from the sernm, and to 
analyze them in a pure state. The means adopted by 
chemists to separate a precipitate from a solution cannot be 
used in this case. The large blood- corpuscles of amphibia 
may be collected on the filter, but not those of mammals. 
This is not due to their minuteness ; for they are far larger 
under the microscope than, for instance, the crystals of a 
precipitate of sulphate of barium or oxalate of lime, which 
do not go through the filter. The red blood-corpuscles pass 
through the filter, because, owing to their soft and yield- 
ing consistency, they adapt themselves to tlte form of the 
filter-pores. The method of decanting remains as a last 
resource, but this alone does not suffice, and must be followed 
by washing; but what liquid will serve for this purpose? 
The usual medium, water, cannot be employed in this 

gale der Tranafasion im Ictzteo Deoeoni am : " Berl 
pate A. Laadetei, Vinliovr'e Arch., toL ot, p. 331 : 
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case, for as Boon as the red blood-corpuscles come ml 
contact with water, the red colouring matter, hffimoglobin, 
is dissolved. Now, as this forms the chief constitnent of the 
red corpuscles, nothing remains but so-called etromata, 
reduced, pale, round, very feebly refractive, specifically light 
debris.' 

It, instead of water, a dilute saline solution of a certun 
concentration be employed, i.e. from IJ to 3 per cent, of 
sodium chloride, no change in the corpuscles apparent under 
the microscope takes place. If the solotiou of salt is stronger, 
they shrink ; if more dilute, they swell, and lose some of their 
haemoglobin in it. 

By thus decanting and washing with dilute salt solution, 
the blood-corpuscles of defibrinated blood can be completely 
separated from all the constituents of serum. But do they 
retain their original constitutiion ? May not the salt or the 
water pass into the blood-corpuscies ; and, on the other band, 
may not constituents of the blood-corpuscies have passed into 
the Bait solution by osmosis ? We can only be certain of one 
tiling, and that is, that no hiemoglobin has escaped, as this 
would be at once discovered by its brilliant colour. It is 
likewise extremely probable that the genuine colloid sub- 
stances, the proteids, which diffuse with great difficulty, do 
not quit the blood-corpuscles. We are, therefore, in a position 
to form a quantitative estimate of the quantity of hiemoglobin 
and of proteid in the corpuscles of a definite amount of 
blood. If, moreover, the quantity of hemoglobin and of 
albnmen in the total blood, and the amount of proteid in 
the serum, be estimated, we are in possession of all the 
figures necessary to compute the proportion that the weight 
of the serum bears to that of the blood-corpuscles in the 
total blood. 

This is the method of quantitative analysis of the blood. 

■ For the properties and conBtitulioD of tlie stromaU, eiie L. C. Wooldridge, 
Du Bois' Arch., p. 3S7 : 18S1. 
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proposed by Hoppe-Seyler.* An example will serve to ex- 
plain the method of computation.! 

In 100 grms. of defibrinated pig's blood were found — 

(a) 18-92 ) 

(b) 18-88 I ™^*° ' 16'90 proteids + haemoglobin* 

In the blood-corpuscles of 100 grms. of the same blood were 
found — 

(a) 15-04 j 

(6) 15-13 I mean : 15*07 proteids + hsBmoglobin* 

(c) 15-05 ) 

In the serum of 100 grms. of blood — 

18-90 - 16-07 = 8-88 grms. proteids. 
In 100 grms. of serum — 

(6) 6-79 j *^®^*8e : 6-77 proteids. 

From this the amount of serum in 100 grms. of defibrinated 
blood may be computed — 

8*88 

. 100 = 56*6 per cent, serum. 

6-77 ^ 

100 - 56-6 = 43-4 per cent, blood-corpuscles. 

An analysis of the total blood and another of the serum 
is now all that remains to be made to enable us to compute 
the exact proportion of each constituent in defibrinated blood. 

In order to prove the reliability of this method, I deter^ 
mined the proportion of the serum to the corpuscles in the 
same blood by another method. We are, in fact^ able to 
estimate this proportion, as soon as we are in a position to 

♦ Hoppe-Seyler, **Handb. der physiol. u. pathoL ohemisoh. Analyse/' § 272, 
5th edit., p. 441 : Berlin, Hirschwald, 1883. This method is rendered much 
more simple by the use of the centrifuge (vide L. von Babo, Liebig's Annal^ 
yol. Ixxxii. p. 301 : 1852) ; without this, the repeated sinking of the blood- 
corpuscles for the purpose of decanting the fluid would necessitate a process 
occupying several weeks, and even at a low temperature decqmposition and escape 
of haamoglobin would be unavoidable. 

t G. Bunge, '* Zur qnantitativen Analyse des Blutes," ZeiUchr.f. Biohg., vol. 
xii. p. 191 : 1876. 
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ascertain aoeurately that anj one of the coDBtitnents of the 
serum does not occur in the corpuscles. This is the case 
with sodium, in some kinds of blood. It was rendered prob- 
able by the earlier experiments of C. Schmidt " and of 
Hoppe-Sejler's pupil, Sacharjin.t and the following analyses 
made by myself put the matter beyond all doubt. 

If defibrinated pig's blood be acted on by the centrifugal 
machine, the red corpuscles separate from the &erum as a 
thick paste, which is found to be very poor in sodium. It 
contains seven times less sodium than the serum. Supposing 
the deposit only to contain one-seventh of its total bulk of 
serum, this would suffice to cover its whole amount of sodium. 
Now, there was no difiGculty in determining by the microscope 
a considerable amount of interstitial duid among the cor- 

ipuacles. If the blood-corpuscles contain any sodium at all, 
it must be present in exceedingly minute g^antitiesj and 
we should commit no serious error in determining the quantity 
of serum in blood, by calculating tt from the amount of 
sodium in the blood and the serum. 

The analysis and calculation gave the following results : — 
In the total b!ood — 



■ mean : 0*2406 per cent. Na,0. 



(«) 0-2403 
((.) 0-2409 


Berum — 




w 


0-4283 


m 


0-4260 



- mean : 0-4272 per cent. Na^O. 



^^-^ X 100 = 66-8 per cent, serum. 

0-4272 ^ 

100 - 56-3 = 43-7 per cent, blood-corpuaelea. 
The numbera agree remarkably with those obtained for the 
aame pig's blood by Hoppe-Seyler's method. 

• C. Schmidt, "CharakteriBtik der cpidembohan Cholera:" Leipsig and 
MiUu. 1S50. 

t Q. Saobujui, "Zur Bltttanaly»&," Virchow'B Ank., vol, xxi, p. 837 : 1881, 
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In the case of the blood of the horse, I made an analysis 
aeeordiog to Hoppe-Seyler's method, and found 46'5 per 
cent, serum, and 58'5 per cent, corpusclea; by means of the 
sodium calculation, the reBult was 46'9 per cent, of senim, 
and 53"1 per cent, of blood-corpuscles. This correapondence 
cannot be accidental. We must conclude from it (1) that 
Hoppe-Seylor's method gives correct results ; and (2) that in 
the blood of the pig and the horse, the sodium only occurs in 
the plasma. 

Unfortunately, the latter conclusion is not true for all 
Tarieties of blood. In dog's and bullock's blood, the corpuscles 
contain sodium as well as the serum- The easy and exact 
method for determining the relative proportion of corpuscles 
and serum by means of the amount of sodium is in so far 
of very great value, as it enables us to put to the proof other 
methods which are applicable to all varieties of blood. 

In the following tables the results of my analyses of blood 
are given : — 

Onb TuouBAjni Ghahues ot DeriBaiKATiD Buwd oontiin— 





Pig. 


Howe. 


Bnllock. 




136-8 coi- 


563-2 


S31-5 cor 


468-5 


3I8'7 oor- 






pui^Jee. 


■ermn. 


puMles. 


eeium. 


piuclev. 


oerua. 




aie'i 


517-9 


323-6 


420-1 


191-2 






160-7 


45-3 


207-9 




127-5 


581 


Albunii^Q and bnmo- 
















1510 




























3-i 
















4-3 






1-5 


5-4 


K,0^ 




0-154 


a-B2 




0-238 


0-173 




2-406 







0-667 


2-9M 





0-072 








0070 


MkO 


noes 


0-021 






0-005 


0-031 


SP-:: :: :: 




0-OU6 








0-007 


0-657 


2-im 


1-02 


178 


0-521 


2-532 


P.O. 


0-303 


oioe 




~ 


0-1124 


0-181 
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Water 

Fixed gubstances . . 

Albamen and hiemo- 

^lobin . . , . 
Other organio sub- 

stanoes 
Inorganio snbstanoes 

K,0 

Na,0 

MgO • . . . . . 

Cl '. 

P.O. 



One thoaniMi gmnmes of oes- 
rvaCLBB contain — 



no. 



632*1 
367-9 

3471 

120 
8-9 
5-543 


0158 

1-504 
2067 



BOBBB« 



606-9 
39M 



4-92 




1-93 



BUIXOOK. 



599-9 
4001 

387-8 



7-5 

4-8 

0-747 

2093 



0*017 

1-635 
0-703 



One tbonsand grammee of nBCM 
contain — 



PIO. 



919-6 
80-4 

67-7 



50 

7-7 

0-273 

4-272 

0136 

0-038 

3-611 
0-188 



BORM. 



896-6 
1034 



0-27 
4-43 



3-75 



BOLLOCK. 



9133 
86-7 

73-2 



5-6 

7-9 

0-254 

4351 

0126 

045 

0011 

3-717 

0-266 



In order to give an idea of the composition of human 
blood, I subjoin the analysis of my revered teacher, Carl 
Schmidt,* one that has not yet been surpassed, though it may 
be remarked that the method employed gave too high an 
estimate for the corpuscles in proportion to the volume of 
blood. 



BLOOD OF A MAN TWENTY-FIVE YEARS OF AGE. 
One Thousand Grammes of Blood. 

613*02 blood-corpnscles. 

Water .. .. .. 34969 

Substances not yaporizing 



at 120^ 



Hffimatin . . 
Paraglobulin, etc. 
Inorganic constituents 



Chlorine 

Sulphuric aoid 
Phosphoric acid . . 

Potassium 

Sodium 

Piiosphate of lime. . 
Phosphate of magnesium. . 
Oxygen 



16333 

7-70 (includmg 0512 iron) 
151-89 
3'74 (ezoluding iron) 



0-898 
0031 
0695 
1-586 
0-241 
0048 
0031 
0-206 J 



* ^ 4 



' Chloride of potassium 
Sulphate of potassium 
Phosphate of potassium 
Phosphate of sodium 

Soda 

Phosphate of lime . . 
Phosphate of magnesium 

Total . . 



1-887 
00G8 
1-202 
0-325 
0175 
0048 
0-031 

8-736 



* C. Schmidt, ** Charakteristik der epidomischeu Citolera/' pp. 29, 32: 
Leipzig and Mitau, 1850. 
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486-98 intenUtUI fluid (plasma). 

Water 43902 

Sobstanoee not vaporizing 
at 120° 47-96 



Fibrin 

Albumen, etc 
Inorganio constitnents 



Chlorine 

Snlphurio aoid 
Phosphoric acid . . 

Potassium 

Sodium ... . • 
Phosphate of lime 
Phosphate of magnesium. . 
Oxygen 



3-93 

39-89 

414 

1-722 
0063 
0071 
0153 
1-661 
0145 
0-106 
0-221 J 



' Sulphate of potassium . . 0*137 

Ghlonde of potassium . . 0-175 

Chloride of sodium .. .. 2*701 

. Phosphate of sodium . . 0*132 

-^Soda 0*746 

Phosphate of lime . . . . 0*145 

Phosphate of magnesium .. 0-106 

. . 4*142 



I 



Total 



• • 



Sfboitio Obavitt = 1-0599. 



1000 grammes of blood-corpuscles. 

Water 68163 

Substances not vaporizing 
at 120° 318-37 



Hsematin 15*02 (including 0*998 iron) 

Paraglobulln, etc 29607 

Inorganic constituents . . 7*28 (excluding iron) 



Chlorine 

Sulphuric acid 
Phosphoric aoid « . 
Potassium . . 
Sodium 

Phosphate of lime . . 
Phosphate of magnesium 
Oxygon 



1*750 
0061 
1*355 
3-091 
0*470 
0-094 
0-060 
0*401 



► ^ * 



' Sulphate of potassium 
Chloride of potassium 
Phosphate of potassium 
Phosphate of sodium 

Soda 

Phosphate of lime . . 
Phosphate of magnesium 



Total of inorganio constituents (exclusive of iron) 
Specific gravity = 1088^ 



0-132 
3-679 
2*»43 
0*633 
0*341 
0094 
0*060 



. . 7-282 



1000 grammes of inierstiiial flaid (plasma). 

Water 901*51 

Substances not vaporizing 
at 120° 98*49 



Fibrin 

Albumen, etc. 
Inorganio constituents 



Chlorine 
Sulphuric acid 
Phosphoric acid . . 
Potassium . . 
Sodium 

Phosphate of lime 
Phosphate of magnesium. . 
Oxygen 



806 

81*92 

8*51 

3*536^ 

0*129 

0*145 

0314 

3*410 

0298 

0*218 

0-455 J 

Total of 

Spedfio 



' Sulphate of potassium 
Chloride of potassium 
Chloride of sodium . . 
Phosphate of sodium 

Soda 

Phosphate of lime 
Phosphate of magnesium 



inorganio constituents 
gravity = 1*0312. 



0281 
0*359 
5-546 
0271 
1-532 
0-298 
0218 

8-505 
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1000 grammes of sernm. 

Water 90884 

Subetanoes not yaporlziog 
at 120° 91-16 



Albumen, etc. 
loorganio constituents 



Chlorine 
Sulphuric acid 
Phosphoric acid . . 
Potassium • . 
Sodium 

Phosphate of lime . . 
Phosphate of magnesiirm 
Oxygen 



82-59 
8-57 

3-565 
0-130 
0-146 
0-317 
8-438 
0300 
0-220 



• = 



' Sulphate of potassium 
Chloride of potassium 
Chloride of sodium . . 
Phosphate of sodium 

Soda 

Phosphate of lime . . 
Phosphate of magnesium 



0-458 J 

Total of inorganic constituents 

Specific gravity = 1-0292. 



0283 
0-362 
5-591 
0-273 
1-545 
0-300 
0-220 

8-574 



BLOOD OP A WOMAN THIRTY TEARS OP AGE. 
One Thousand Grammes of Blood. 

396*24 blood-corptiBclea. 

Water 272*56 

Substances not vaporizing 
at 120° 123-68 



Hffimatin . . 
Paraglobulin, etc. .. 
Inorganic constituents 



6-99 (including 0-489 iron) 
113-14 
3-55 (excluding iron) 



Chlorine 

Sulphuric acid 
Phosphoric acid . . 
Potassium . . 

Sodium 

Phosphate of lime > 

Phosphate of magnesium ) 

Oxygen 

Total 



0-643 
0-029 
0-362 
1-412 
0-648 






' Sulphate of potassium 
Chloride of potassium 
Phosphate of potassium 
Potash 

Soda 

Phosphate of lime > 

Phosphate of magnesium ) 
0-370 j 
of inorganic constituents (excluding iron) 



0-086 



0062 
1-353 
0-835 
0340 
0-874 

0-086 



3-550 



603-76 interatitial flald (pUsma). 

Water 55199 

Substances not vaporizing 
at 120° 51-77 



Fibrin 

Albumen, etc. 
Inorganic constituents 



Chlorine 

Sulphuric acid 
Phosphoric acid . . 

Potassium 

Sodium 

Phosphate of lime > 
Phosphate of magnesium ) 
Oxygen 



1-91 

44-79 

5-07 

2-202 
0060 
0144 
0-200 
1-916 



' = < 



' Sulphate of potassium 
Chloride of potassium 
Chloride of sodium . . 
Phosphate of sodium 

Soda 

Phosphate of lime > 

Phosphate of magnesium ) 



0332 

0-211 , 

Total of inorganic constituents 



0131 
0-270 
3-417 
0-267 
0-648 

0-332 
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CHEMISTRY OF THE BLOOD. 



249 



Spboific GBAViTr = 1'0503. 
1000 grammes of blood<ellB. 

Water 687*88 

Bubstances not yaporiziDg 
at 120° 31212 



Hffimatin . . . . 
Paraglobuliu, etc. . . 
Inorganic constituents 



18-48 (including 1*229 iion) 
284*68 
8-96 (excluding iron) 



Chlorine 
Sulphuric acid 
Phoephorio acid . . 

Potassium 

Sodium 

Phosphate of lime > 

Phosphate of magnesiiun 3 
Oxygen 



1-623^ 

0072 

0-913 

3-565 

1-635 

0-218 



933. 






' Sulphate of potassium 
Chloride of potassium 
Phosphate of potassium 

Potash 

Soda 

Phosphate of lime 1 

Phosphate of magnesium ) 






Total of inorganic constituents (excluding) 
iron of colouring matter of blood) ) 
Specific gravity = 10883. 



0157 
3-414 
2108 
0-857 
2-205 

0-218 



8-959 



1000 grammM of iDterstiUal fluid. 

Water 914-25 

Substances not vaporizing 
at 120° 85-75 



Fibrin 

Albumen, etc. 
Inorganic constituents 



Chlorine 

Sulphuric acid 
Phosphoric acid . . 

Potassium 

Sodium 

Phosphate of lime > 
Phosphate of magnesium ) 
Oxygen 



1 1000 grammes of serum. 

Water 

Substances not vaporizing 
at 120° 



0-550 



Albumen, etc. 
Inorganic constituents 



• • 



Chlorine 

Sulphiuic acid 
Phosphoric acid . . 

Potassium 

Sodium 

Phosphate of lime > 
Phosphate of magnesium ) 
Oxygen 



316 

74-20 

8-39 

3*647 \ f Sulphate' of potassium 

0-100 Chloride of potassium 

0-237 Chloride of sodium .. 

0-332 _ Phosphate of sodium . . 

3-173 r ~ ' Soda 

Phosphate of lime ) 

Phosphate of magnesium f 

0-351 J I 

Total of inorganic constituents • • 

Specific gravity = 10269. 



91715 

82-85 

74-43 
8-42 

8-659^ 

0100 

0-238 

0333 

3183 



0-217 
0*447 
5-659 
0-443 
1-074 

0-550 



8-390 



' Sulphate of potassium 
Chloride of potassium 
Chloride of sodium . • 
^ _ Phosphate of sodium 

DOuft « • • • • • • • 

Phosphate of lime ) 

Phosphate of magnesium ) * ' 



0-552 

0-351 

Total of inorganic constituents 

Specific gravity ^ 10261. 



0-218 
0-448 
5-677 
0-444 
1-077 

0-552 



8*416 
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LECTURE xnr. 



More exact quantitative estimateB of the organic coS 
fitituents ot the blood-corpuacles have been given by Hoppe- 
Seyler and his pupils.* 





Hurnu 


Wood. 




"sr 


Gam. 


CMoto 




n. 


i>«lrU. 


0*ylUBnioglobm , . 
Fruteias atui ouclein . . 

UoiUiiu 

OLalMtonn 


8C'8 
12-2 

07 

D'3 


94-3 
SI 

0'3 


86-5 

i2e 

0-4 


93-3 

7-0 
0-1 


627 
3(J'4 

SI} 


M7 
459 
0-S 



Htemoglobin,t therefore, Ib the only organic substance 
which is peculiar to the red corpuscles. It also forms the 
chief constituent of the dried corpuscles. We have already 
considered the composition of hsimoglobin aud the ijuestion 
of its origin (pp. 58 and 92-103), and we shall have to discuss 
the importance of hsmoglobin in respiration in the following 
lecture. The products of decomposition will also be con- 
sidered at a later period (Lectures XVII. and XVIII.). 

The organic substances found in serum are proteid, fat, 
soaps, cholesterin, lecithin, sugar, urea, kreatin, and a 
yellow colouring matter soluble in alcohol and ether, called 
lutein. Among the proteids, which make up the chief part 
of the organic substances, two groups are to be distin- 
guished, the albumens and the globuHns. The former are 
soluble, the latter insoluble, in water, but globulins are dis- 
solved by dilute solutions of sodium chloride. If serum bo 

• Hoppo-Bfijler, Med. chem. Vaten., p. 391 ; and Qastav JQdoll, ibid., p. 
3SG : Berlin, 18GS. 

f A deBcriptina ot all tlie phjuDal aad cbemicnl properties of hEBtuoglobin 
wonld be be3rond the aoope of the preaeut toxt-bogk. I thererore refer tba 
rtiader to the aooounto ot Hoppe-Seyler in bis Med. diem. VoUri. : Berlin, IS6(i- 
ISTI; imdUithaeootKitaeTandl^pnpiUia tUe ZeiUehr./. fihj/tlul. Chem. i and 
iu Ihe laleet votuoKw or the Joum./. praki, Cheia. Oomiwre ulao Neiinki nnd 
Siebcr. Arch. f. exper. Path. u. Fharm., vol. iviit p. 401 : ISSl ; aud vol. xx, 
pp. 325,332: I88G, 
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subjected to dialyBis, the salts of the alkalies diffuse and the 
globuline are precipitated, whilst the albumens remain dis- 
solved (compare p. 52). The relative proportion of the two 
varies much. The result of starvation is to reduce the I 
quantity of albumen and to increase tlie quantity of globulin. | 
It would thus appear that globulin is the form which proteid 
assumes in its transference from one organ to another. We 
know that In starvation the more important organs, the 
centres of life, are nourished at the expense of the other 
organs, chiefly of the skeletal muscles.' Thus Voitf found 
that the brain and spinal cord of a cat, after thirteen days' 
starvation, had lost only 3'2 per cent, of its weight, tho heart 
only 2'6 per oent. ; the skeletal muscles, on the other hand, 
30*5 per cent, Miescher found, in the observations already 
quoted (p. 91), that the Khine salmon, during its sojourn in 
fresh water, eats nothing, and that the organs of reproduc- 
tion, ovary and testes, increase at the expense of the muscles, 
Miescher t at the same time called attention to the fact 
that during this period the globulins of the blood, which 
are so similar to those of muscle, increase In quantity, and 
the maximum of this increase was found to correspond to the 
period of maximum growth of the ovary, 

E. Tiegel § found in the blood-serum of snakes, whose 
alimentary canal was empty, only globulin, and no albnmen ; 
whereas in the blood of snakes whilst digesting, both varieties 
of proteid were constantly present. Burckhardt,|| Miescher's 

" Chtaaaf, " M^ra. prrfsentda a I'ncad. doa Soiences de I'loBtitut de France : " 
]S48 ; Bidder and lichmidt, " Die VordauaQgaeiine n. der Stoffireolue!," p. SS7 : 
1S52. 

t C. Veil, Zfitiehr. /. Bidog., toI. ii. p. 355 : 1816. 

\ Y. Miescher- RQaoh, 3tatutiKhe u. bidoguehe Beilrag* tur Kamtniu vom 
Leben da BhcitUiuthf. Beparalabdmok ana d. sobweiz. Litentunamniliuig xnt 
intenuitioDalea FiscliereiaaBstoUung in Beilin, 1880, p. Sll. 

§ E. Tiegol, Pflliger's Areh.. bd. xxiii. p. 278 : 1880, 

II Burckhurdt, Anh. f. exper. Path^ bd. x»i. p. 322 : 1833. Tlie apparently 
ooDtradiotdiy reaatU of O. Salvioli arc probably due to the fact that the period 
of BtarvBtion was very ahurt in hts cxpertmenta. Moreovar, Salviuli used uDothec 
method for Mparating llie two proteids (Du Bw' Anh^ p. 2GS : 1881). 
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pupil, has shown tliat the globulins in the blood of etsrvuig 
animals are increased at the expense of the albumens. 

The conclusionH of Danilewaky,* that the muscles of an 
animal which have the least work to do are richest in 
globulin, harmonize with these observations. It would appear 
that the muscles are not only organs of locomotion, but also 
Btorehouses for proteid. When we consider that, in the case 
of pancreatic digestion, the globulins occur as a gradation 
between proteid and peptone, the inquiry suggests itself 
whether tlie globulins may not be the lirst products of the 
disintegration of proteid. The globulins^ app ear to ^e to be 
the essential structural principles in_j!roto plaBm . In favour 
of this view is the fact that globulins occur in the ova of 
animals, and in the seeds and roots of plants (compare 
pp. 53, Si, and G2). Here we find them stored up in large 
quantity as formative material for the later growth of the 
embryo. 

The composition of lymph is qualitatively not different 
from that of plasma. Quantitively it is to be noted that 
lymph contains the same amount of the same salts as the 
plasma, but less proteid. The lymph obtained from difi'erent 
ports of the body hkewise sho^ws great variations in the 
amotrat of proteid. The same is true of the different patho- 
logical transudations; ascitic fluid, the fluid in the pleural 
cavity, pericardial fluid, dropsical effusions, the fluid of 
hydrocele, cerebro-spinal and hydrocephalic fluid, are all 
essentially nothing more than lymph, augmented by patho- 
logical processes. The amount of proteid in these fluids 
varies from 0*2 to 6 per cent.f The quantitative relation of 

■ A. VaailewBkj, Zeittehr. f. phytiol. Cham., vol. Tii. p. 12i : 1882. 

t On the compoBitioa of tiie lymph aad pathologif&l traoendations iu man 
Bod munmala, see 8clieter, " Chetn. uad mioro. Uiitersucb. x. Path. a. i. w.," 
pp. 1116, at iq.! HeldelbelK, 1S13: C. Schmidt, "Charoot. der epidom. Cholen 
gegeofiber verwnndten TianundationsaDomaUen : " Lelpsig, 185D: Hoppv- 
geyler. Dml. Klinik, No. 37: 1853; Arch. Path. Anat., vol. ix. p. 2*5: ISSC; 
Gublei et QueTenne, Gat. midie. de Pari*, Nos. 21, 37, 80, U : ISM ; Henaen and 
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the two proteids, globulins and albumens, varies between as 
wide limits as in plasma. 

The result of all investigation up to the present time 
leads us to think that when blood, lymph, and chyle, or 
blood and a pathological transudation from the same in- 
dividual, are compared, the relation of two proteids to one 
another, in the blood-plasma and in the transudation, is the 
same, whilst the total proteid may be very different.* 

That the chyle of fasting animals is nothing more than 
lymph, and that it only contains fat particles during diges- 
tion, has already been described (Lecture XII.). 

Dahnhardt, Virchow's Arch., vol. xxxvii. pp. 55, 68 : 1866 ; HeDsen, Pfluger's 
Arch,, vol. z. p. 94: 1875; O. Hammarsten, FSrenings /Grhandlingar Upsala 
Lakarcy pp. 14, 33 : 1878. 

* G. Salvioli, Da Bois* Arch,, p. 268 : 1881 ; and F. Hoffmann, Arch. /. 
exper. Path. ti. Pharm,, vol. zyi. p. 133 : 1882. 
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LECTURE XrV. 



GA3E8 OF THE DLOOD AND RESPIRATrON — BEHAVIOUR OF OXTOEN IN 
THE PR0CE9BEB OF EXTEltNAL AND INTERNAL aB8PIR.\TI0N. 

In our remarks on the composition of blood, no account has 
been given of its gaseous constituents. Three gases can be 
pumped out of blood : ' oxygen, carbonic acid, and nitrogen. 

The amount of nitrogen is inconsiderable ; it doee not occur 
here in larger quantities than it does in watery fluids whieli 
come into contact with atmospheric air. Nitrogen is simply 
absorbed by the blood.t and it appears to take no part in 
vital processes.} 

■ A diagram and dt'srription oC the appatatus uaod for puniping oat tlie 
gnscB — the (taa-pump of Lndwig aud of Pfluger— nra givon in e»erj text-lHKik nf 
general pb;Bi«log;. A» I iiasume thnt all my readcra praseas anoh a work, I 
aliall not deacribe it here. The original descripti'in and diagram of the gaa^pump, 
with vhidi most of the experiments oa the blood-gaees were carried out ia 
I.udwig'a laboratorj, will be found iu Alexander Schmidt's treatiae iu Brriehft 
SIbw die Terhandl. d. k. »SduUckm Ga. d. Wiiienich. m Leipiig. Math, piiyaik. 
Otsjise, vol. six. p. 30 ; IS&7 ; and the dOBrription of the apporatuB coiutincted 
by OeJEsler and Flliiger in FBQger'B " Untenuchnngon ana dem pbyBtologiaohen 
LaboiBtorinoi za Bonn," p. 1S3 : Berlin, 1365. For Iho metbnda of ga»«na]]nU, 
ride Bunaen, " Guaometriaobe Methoden," Braanaohweig, 2tid. edit. : 1877: and 
J. Geppert, "Die Gaaanalyse nnd ihie phyaiologiache Anwendung uach verbea- 
BCrten Metbodcn :" Berlin, 1S66. 

t A knowledge of the laws tbat govom the abaoiption of gnaea ia eaacntial for 
the oomprebenainn nf the respiratory prooceaee. The beginner wbo la not 
thoroughly conToraantwilh Dallon'a low, tlio mcnningof oiiciBpient of ahsorptioii. 
partial preasate, etc., must study a text-book of phyaica before prooovdiiig willl 
thia and the fc>llowing lectures. 

X The theory that a small part of the nitrogen iasuea at a free element (rnm 
tbe (tecomposltinn and oxidation of the nitrogenoiia food-ataOs in tbe animal bodji 
hiis been upheld by some unlil quite recently, bnt haa never been cnnflrined by 
HTcnralo experiment. For thla tedious conlcat, vide Putloukofer and Voit, 
ZtiUdiT./.JMulog^nl xri. p. SOSi 1660; StMigenuid Noiwafc, Pfiiigei'B jirah 
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The two other gases, on the other hand, ore of great 
physiological imx)ortHDoe : oxygen is, as we have seen, an 
essential food-stuff, the most potent source of energy ; car- 
honic acid is one of the ultimate prodnets of tissue-cbange, 
the oomponnd in which the hulk of the carbon leaves the 
animal body. 

The absorption of oxygen and the excretion of carbonic 
acid take place among the lower animals over the whole 
surface of the body ; among the higher animals, principally 
or exclusively in differentiated organs, such as lungs, gills, 
and trachete. This process is termed external, as distin- 
guished from internal, respiration, which last term we apply 
to the consumption of oxygen and the formation of carbonic 
acid in the tissues. A few authors understand by this latter 
term, however, only the physical process of the interchange 
of gases through the walls of the blood-capillaries (the dif- 
fusion of carbonic acid from the tissues into the blood, and 
of oxygen from the blood into the tissues), and not the 
chemical processes of oxidation, of the assimilation of oxygen 
and the formation of carbonic acid in the tissues. Venous 
blood is rendered arterial by the process of external re- 
spiration; arterial blood venous by that of internal respi- 
ration. 

As the skin and the lungs are also tissues requiring 
oxygen for the performance of their functions, the process 
of internal respiration goes on at the same time along with 
that of external respiration^the latter preponderating in the 
lung. For this reason the pulmonary vein carries arterial 
blood to the heart. The former process preponderates in 
the skin of most animals, and the blood contained in the 
cutaneous veins is therefore venous. 

We wUl now consider more closely the behaviour of the 

vol sir. p. 3B3: ISSl: H&na Leo, Pflflgor'a Arth., vol. xxvi. p. 218: ISfll : 
J.' Ri^iset, Cmiipt. Ttnd., vol. xa*L p. 549 : 1883. Ttia eurlier Utenture is qnot<x! 
in these works. 
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oxjgen and carbonic acid in the processes of estemai and 
internal respiration. Let us first take oxtqen. 

Arterial dog's blood, which has served for most of the 
analyses on the gases of blood," contains in 100 vols, from 19 
to 25 vols, of oxygen, computed at 0" C, and 7G0 mma. mer- 
curial pressure. The amount of oxygen in the arterial blood of 
herbivora (sheep, rabbit) is found to be smaller, viz. from 
10 to 15 per cent, of volume. t 

This amount of oxygen is far too large to remain merely 
absorbed in the blood. One hundred volumes of water absorb 
4 vols, of oxygen at 0° C. from an atmosphere of pure 

' oxygen, and from the ordinary atmosphere, in which the 
tension of the oxygen is five times less, it would therefore 

, absorb less than 1 vol. of oxygen, and at the temperature 
of the body even less still. Watery solutions also absorb 

'less than pure water ; a large proportion of the 10 to 25 vols, 
of oxygen in arterial blood must therefore be chemically 
combined.^ We know, in fact, that it la the haemoglobin 
which serves for this loose combination. § This is shown by 
the fact that a pure solution of hiemoglobiu, containing the 

jsame amount of bsemoglobin as the blood, combines with as 
much oxygen and gives off as much in vacuo as the blood 
does. The larger proportion of oxygen in dog's blood than 
in the blood of herbivora is explained by the fact that the 
former is endowed with a larger amount of blood-corpuscle-s 
and of hEemoglobin. The amoimt of bsemoglobin, and there- 
fore of oxygen, is much less considerable in the blood of cold- 
blooded than in that of warm-blooded animals. 

• Pflilger, Ceniralb. f. d. med. WisKJueh., p. 722 : I8G7; and Pfliiger'a Arch., 
Tol. i. p. 2M8 ; 1868. The previone HnaljeeB are bIbo gireu bere. 

t Sczelkow, Da Boib' Areh.. p. 516: 186t ; Prayer, Wimter mud. Jahrher^ 
p.H5: 18G5; Fr. Walter, ^reS./. Mpw, Pa(ft. u. Plorm., ¥oL vii. p. 148 : 1877. 

I Liebig in hii Ana. d. Ckem. u. Fharm., vol. Ixiii. p. 112: 1851 ; Lothar 
Mejer, "Die G&se dea filutos," Diseert : Guttingen, 1657; slao Henle and 
Pleutta'B Zeittehr. /. rat. Mtd. N. F„ to], iviii. p. 256r 1857. 

S Hoppe-Seflec Areh. /. Ipof/i, Anal., vol. zxii. p. 59S: 1S61; and Med. 
cA«n, Vttteri., p. 131 : I8IJT. 
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The compound of oxygen with hffimoglobin, or "oxy- 
baamoglobin," is well known to be of a lighter colour than 
reduced hjemoglobin, and ahows different Unes of absorp- 
tion in the spectrum. The bright red colouring of arterial, 
and the dork red tint of venous, blood depend upon this 
fact. 

If oxygen is chemically combined with htemoglobin, we 
should anticipate that there is a simple relation between 
tbeir equivalents. It would be interesting to ascertain how 
many atoms of oxygen go to one atom of iron. The analyses 
made up to the present time are not exact enough for this 
purpose; they show, however, that about ii/or 3 atoms'^of 
oxygen correspond to 1 atom of iron.* The tigDres, ao far, 
only demonstrate that there is at least four times as much 
oxygen taken up in the transition of haemoglobin into 
oxyhiemoglobiu, as there is in the transition from suboxide to 
oxide of iron, or from ferrocyanide to ferricyanide of potaasium. 
Possibly the sulphur of the hiBmoglobin also plays a part 
in the loose oxygen compound, and a similar part may be 
aaaigned to the sulphur atoms in all proteids (compare p. 24). 
It is noteworthy that, according to previous analyses, the 
animals that require more oxygen (compare Lecture XIX, ) 
have likewise more sulphur in their heemoglobin. Four 
atoms of sulphur in the hiBmoglobin of the horse, six in that 
of the dog, and nine in that of the hen, go to two atoms of 
iron.t Is this an accidental correspondence? 

The oxygen in loose combination with the hsemoglobiu 
may be displaced by an equal volume of carbonic oxide.J or of 

• HUfner, ZeiUehr. /. phgniol C\em., vol. i. pp. 317, 386: 1877; vol iii. p. 1 : 
IRSD. John Harahall. ZeiUchr./. phgtiol. Chem., ?o1. viL p. 81 : 1383. HufDcr, 
ZeilKhr, f. piyiol. Clmm., vol. riii. p, 358: 1884. The prerious egtimati^B are 
quoted here. Cumpafe nlio Hoppe-Seyler. ibid., vol. xiii. p. 477 : 188!). 

t A. Ja>iuot, " Bpitr. zur Sonntniw dei Blutfnrliatuata," Diaeeit. : BuieL 1869. 

I CI. Bemiird, "Lefons anr lea ettt-.U den aubstaiiceB taxiqne^-," etc. : Parif, 
IS5T: Hoppe-Sejler, ViK'liow'a Arfh..vo\. li. p. 288: 1857; nnd toL xxit. pp. 
233,597: 18C3; Lotlur Mejrer, " Da Sanguine oiyducatbaoiuo inrecio," Diaseit 
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nitrio oxide,* a fact which likewise speaka for the chemieu 
union of the oxygen. 

It may be objected that the oxyhtcmoglobiu combination 
could hardly be destroyed by a mere vacuum, if it were really 
a chemical componsd. But, as a matter of fact, it is not tbe 
vacuum which splits up the oxyhemoglobin, bat the beat. 
A solution of osyhfemoglobin may be evaporated to dryness 
at a very low temperature, i.e. below 0° C, in vaciu); the 
oxyhemoglobin crystals are not affected. Tbe higher the 
temperature, the greater must he the pressure of oxygen 
in order to counterbalance tbe dissociating force of heat. 
Tbe afHnity of a substance increases in proportion to tbe 
number of atoma which co-operate in the attraction, or in 
proportion to the number of atoms in the unit of volume. 
This phenomenon is called the inSuence of mass t {i-ide supra, 
p. 162). Two antagonistic forces are at work in the formation 
and decomposition of oxyhemoglobin : heat endeavours to 
fioparate, chemical affinity seeks to unite. Affinity increases 
with the influence of mass, with the density, with the partial 
pressure of the oxygen. Tbe vacuum, therefore, only acts by 
reducing the mass-influence of the oxygen to a minimum, 
and thus enabling the antagonistic heat to attain supremacy. 
I may here remind my readers of an analogous pheno- 
menon well known in inorganic chemistry. "When chalk is 
burnt, the carbonic acid is separated from the lime by heat. 
But this separation does not take place in an atmosphere of 
pure carbonic acid ; on the contrary, quickhme unites with 

VnitialnTin^ 1B5S: Uoppe-Se^ler, ifed. chem. Cntori., p. 201: 18BT: ZriUehr. f. 
phyriot. Chem., vol, i, p. 131 : 1877 ; John Mursliall, ZeUrrhr. f. phgtioL Cham., 
ToLvii.p. 81: 1883: R. KU la, ibid., p. 381: O. Ufiruer. /oum. /. ;;raAt. Cknn. 
N. F., io\. III. p. 67 : 188i. 

• L. Bermsmi. Du BoU' Arch., p. 469; 18fi5; Hoppe-Scjier, Jf-d. tHum. 
VHlen. p. 2W: 1867; W. Preycr, " Dio Bluthr; still le," p. 144: Jem, 1871; 
Podolinild, PflQgPc'8 Arfh., vol. vi, p, R^ : 1872. 

f For Uie eiplaaBtioD oF [lie pheDomenoo of tlie inSneuce uf mius, nffbrded 
by the mechtinicftl tlieocy of lieat, nee Lothar Meyer, "Die moderaan Tlieorlen 
der Cliomie," StU edit, p. 479 : BieaUn, ISS4. 
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CO, at a high temperature, if the partial pressure of the 
carbonic acid be sufficient. If the carbonate of lime is to be 
rapidly converted into quicklime, a stream of another gaa 
must be passed over it, so as to reduce the pai'tial pressure 
uf the carbonic acid. The same thing takes place in the 
relation of hemoglobin to oxygen. In the alveoli of the 
lungs, where the partial pressure of the oxygen is consider- 
able, the hemoglobin ia completely or very nearly saturated 
with oxygen. In the capillai-ies of the tissues, where the 
oxygen that has been simply absorbed diGTuses itself or 
enters into oonibination with reducing substances, so that 
the partial pressure dimiuiabes, a portion of the combined 
oxygen is at once set free by the liberating force of heat, 
and the partial pressure of the oxygen rises again till it 
balances the effect of the heat. In this way, tlie ted blood- 
corpuscle ia always surrounded by oxygen under a deEnite 
pressure. 

This arrangement -Serves a double purpose. Firstly, there 
is far more oxygen brought to each tissue by the blood-current 
in a defiuite period than would he possible by simple absorp- 
tion of the oxygen without chemical combination. The 
processes of oxidation might go on much more rapidly, and 
yet there would not be a scarcity of oxygen. The amount of 
oxygen in the plasma is very little less when the oxygen is 
lavishly used up than when it is economically expended. The 
store of oxygen in tbe capillaries is never exhausted under 
normal conditions. In venous blood, at least 5 per cent, by 
volume of oxygen is always found, and generally far more. "^ 
Only in the hlood of asphyxiated persons does the oxygen 
almost entirely disappear.* 

Secondly, the chemical combination of oxygen offers the 
great advantage that the intensity of the processes of oxida- 
tion is, to a great extent, independent of the pressure of tbe 

• N. Sitmpinn*, PflUgera Arfh.. ml xii. p. 22: 1876, The preriou* eipiiri- 
Diento on tbe bhx>d of upbf xiatod ludinduali ue quoled b«re. 
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oxygen in the surroundiDg media. Direct experiment hftfl 
sbown that the pressure of the oxygen in the surromidinf! 
atmoBphere may increase threefold or diminish to one-half 
without any diBturbance being manifested in the breatbint; 
of a mammal.* 

When the partial pressure is reduced still further, the 
frequency of respiration increases; and when it sinks to 
3'5 per cent, of an atmosphere, the animals dle.t 

Fraenkel and Geppart f allowed dogs to breathe rarified 
atmospheric air, and analyzed the gaaea of their arterial blood. 
They found that when the pressure of air sank to 410 rams, 
of mercurial pressure, the normal amount of oxygen was 
retained in the arterial blood. If the pressure of air sank 
to between 378 and 365 mms. of mercurial pressure, or to 
half of an atmosphere, the amount of oxygen in the arterial 
blood was somewhat diminished. But it was not until the 
atmospheric pressure sank below 300 mms. that a consider- 
able decrease of oxygen was observed. 

The partial pressure of oxygen might a priori have been 
thought to exercise a much slighter influence than we have 
shown it to possess ; for, according to the experiments of 
Worm'Miiller,§ the blood outside the body becomes almost 
completely saturated with oxygen on being shaken with 
atmospheric air of only 75 mms. of mercurial pressure. But 
these experiments were carried out at the temperature of the 
room. At the temperature of the body, decomposition of the 
oxyhemoglobin begins at a higher partial pressure, as Paul 

• WUh. Mailer, Ann. d. Chem. u. P\aTm., toI. oriii p. 257 : 1858. P»al 
Bert. " 1a pression baromeCrique ;" Parii, IS7B. A. Fiuenkel ami J. Geppert, 
"Ueber die WirkunjEuu der verdttDuli^n Luft awT ilen OigraDiaioui:" Berlin, 
Hirwhwuld, WA3, Vide alao L. de SHint Mnrlin. Compt. rend., vol. lonU. p. 241 : 
1884; au'lB,LvkiaDOV,Zi>itichT./.phy>uil.Cftan.,lo\.im.p.3l3: 1884. 

t N. StioguDow, Pfliigcr'a Anli., toL lii. p. 31 : ISlli. An hcl-ouiiI of rormer 
work is given here. 

I Fraenkel hi»1 Geppert, loe. ait., p. 47. The (-xpori meats similm to those 
nf Paul Bert are also ciitioatl}' disciibaud bere. 

J Worm Miiller, .Sw. d.*d<!A«. (?(!*., ToLuiL p, 351: 1870. 
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Bert " and Fraenkel ami Geppert t have showu. And, besidea* 
it must be remembered that, in the lungs, osygen at a lowl 
tensioa cannot be diffused through the walls of the alveoU" 
vapidly enough to saturate each blood-corpuscle during its 
short transit through the capillaries. 

The experience obtained in mountain and balloon ascents 
is in complete harmony vdth the results of the experiments 
on animals.^ Real dyspntea does not begin till a height of 
5000 ms. IB reached, which corresponds to a mercurial pres- 
sure of 400 mms. Human beings and animals live as well 
on the high plateaus of the Andes, at 4000 ms, above the 
surface of the sea, as on the sea-coast. 

We must now ask in what organs and tissues of our bodies 
the oxygen gets used up. 

Lavoisier, who first recognized the importance of osygen 
in vital processes, thought that combustion occurred exclu- 
sively in the lung. It was not imtil Magnus § had analyzed 
the gases of the blood that it was proved that oxygen 
passes on to the capillaries, and there partially disappears. 
Hut the question as to whether the processes of oxidation 
are completed only within the closed blood - current, or '^^ 
whether free oxygen is diffused through the walls of the 
capillaries into the tissues, has not yet been decided. 

The former theory, i.e. that the oxygen is consumed 
within the blood-vessels, has found supporters even up to 
the present time. The most obvious objection to it is, 
that kinetic energy is liberated in the tissues, and particu- 
larly in the muscles, and that the most fertile source of 
euergy lies in the affinity of oxygen for the substanceB of 
nutrition. But, on the other hand, we know that there is 
stored up in food a considerable amoimt of chemical poten- 

• Paul Bprt. loe. at., p. 691. 
t FraenkBi and Geppart, loe, eil., p, 57. 

t Paul Btrt, loc «'(.. give« mx interesting aconunt of the«J experiences. 
§ Q. Magnus, Ann ± Fhfgik., voL xL p. 583 : 1837; and »ol. Ixir. p. 177 : 
J845. 
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tial energy, which is converted into kinetic energy by the 
mere decomposition of the food-Btuffs, without any oiida- 
tion taking place (compare Lectures X. and XIX.). The 
araonnt of this potential energy is not exactly known; it 
must be admitted that it may be enftieient to perform the 
work of mnscle, and that the products of decompoeition thus 
formed may diffuse into the capitlarieH, to be there oxidiKed, 
and then to serve aa sources of hodily heat. 

This view appeared to receive confirmation from the fol- 
lowing experiment of Ludwig and Alexander Schmidt.* It 
has already been mentioned that the blood of animals which 
have died from suffocation contains only traces of oxygen, and 
sometimes none at all. If oxygen be added to such blood out- 
side the body, a part of the oxygen thus artificially introduced 
rapidly dieappears, and the carbonic acid is increased. The 
blood from asphyxiated animals contains substances that are 
readily oxidized. The blood of other animals also combines 
with some oxygen outside the body,t but the amount is much 
less, and disappears much more slowly than in the case of 
the blood from asphyxiated animals.} Ludwig and Alexander 
Schmidt explain these facts thus : under normal conditions, 
readily oxidized compounda are continually finding their 
way from the tissues into the capillaries, where they are 
immediately decomposed by the free oxygen, so that they 
cannot be traced in normal blood. In asphyxiated animals, 
on the other hand, they remain stored up in the hlood in 
consequence of the absence of oxygen. According to the laws 
which govern the diffusion of gases, we should expect to find 
that the oxygen in the blood would penetrate the liquids of 
all the tissues. It is, however, conceivable that the oxygen 
may be hindered from doing so by the reducing substances, 

• Alex. Schnjidt, Ber. iilmr die Verhandl. dtr tich*. Get. der Wittcnteli. it 
Leiptig, Math, phyg, Classe, vol. lii. p. 99: 1807. VUU also N, Stmgunnw. 
Pflligef'l AtA., vol. lii. p. 4J : 187H. 

t PflQger,Cni*ratt./.d.m«I.It'i*ienwft., pp. 321,722: 1807. 

X Alei. Schmidt, loc. fit, p. 108. 
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which, Sowing umntermittently from the tiBBues into the 
biocxl, mo(!t the oxygen on its way and prevent ita advance 
beyond the capillary wall. 

The opposite view, that oxidation takes place in the otlitr 
tissues ae well,' reats upon the following facta of comparative 
physiology. t It is well known that nearly all the lower 
animals which have no blood, die at once without osygen. 
and that this source of energy is indispensable to every cell.J 
The vegetable cell has likewise essentially the same meta- 
bolism, and cannot live without free oxygen {vi/lc p. 44). The 
higher animals, with a differentiated system of blood-vessels, 
require oxygen in the first stages of existence, even before the 
formation of blood-corpuscles, as the respiration of a bird's 
egg shows. 5 

Nevertheless, we cannot admit that these facts afford 
indubitable proof of respiration in the tissues of the higher 
animals when fully developed ; for the essence of the higher 
organization consists in tlie fact that there is, syuchronoiis 
with the differentiation of the tissues and organs, a division 
of labour. It is quite conceivable that decomposition and 
oxidation may take place in the same cell among the lower 
animals only, and that in the more highly organized ones the 
duty of oxidation is exclusively relegated to the blood, the 
processes of decomposition going on in the other tissues. 

But it can be shown that oxidation also occurs in the 
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* The Drat decided atlviMwte of ttiis v\t 
Traube, Virchov'a Arch., fuL ui. p. SSfi: 181 

t Pdfiger, inbii Jrah..v*>I. x. p. 270: 1B75. 

t It ia still a, matter of ooDlroreray wlitillier certain orpkniima of ihe lowtit 
kind — yeast-cellB. oertain bacleria — cuu live Botirel; witliout Tret) uxygeu, "unM- 
rubiu." It appears, Lowavoi, that thju ((UMtioQ nay now be answered ia Uie 
afflituatlTe. Vide J. V/. Qanaiug, Joum. /. pnikL 01Wi.> toL ivi. p. 314: 1877; 
vol, xTii. p. 266 ; 1ST8 : and voL xx. p. 43t : 16TU ; Kenuki. Juum. /. jtroM. CUusm.. 
TOl. xix. p. 337: li)79; Br. Lachowioz uuJ Neucki, PStiger'a Areh. toI. xuili. 
p. t : I8S3; and Nonoki, Pfliiger'B Areh., vol iiiiii. p. lU : 18^. Cuuijnrf i.Uo 
Q. Bungc. "Ucber da» SauetstoffbedUifniss dti Darmpamsilon," IMUohr. f. 
phytiol. Chem., fal viii. p. 48: 1883. 

§ J. Baumgkrtner, " Der AUimungaptoccts im Bi," Freiburg i. B. : 1861. 
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tissues of inBecta, which poasesa a vascular Hystem, although 
tint BO highly developed as the vertebrata. This is proved by 
the fact that the finest branches of a trachea run down as far 
as the individual cells of the tissue.* The observations made 
by Max Sehultzet on the Lampt/ris splendidula are particidarly 
conclusive. In the glow organs of this animal certain cells 
adhere to the tracheal endings, "like the flowerets of an 
umbelliferous plant." These colls, as well as the tracheal 
endings, staiu a deep black with osmic acid, owing to the 
separation of the metallic osmium : consequently there ia 
preB<?nt in these cells a eubstauce with a powerful attraction 
for oxygen. It may, therefore, readily be supposed that this 
substance, by combining with the oxygen introduced through 
the trachea, brings about the development of light. The 
illuminating power of the two glow organs continues after 
they have been isolated, and even after a microscopic section 
has been made. Max Bchultze observed under the microscope 
that "with the rhythmic increase and diminution of the 
light, which these animals generally exhibit distinctly, the 
first appearance of the light is characterized by minute 
coruscations in the glow organ, which correspond in number 
and aiTangement to the terminal cells of the trachea." 
When the oxygen is withdrawn, the illuminating power 
ceases.f Max Schultze also remarks that the tracheal ter- 
minations in other organs, as well as those in the glow 
organs, are rapidly stained black if the animals be placed 
alive in osmic acid. 



iir AnAtomie und Pbyilulogip. als Fi»tgalie C. 
1 Schulern." p. 67 : 1875 ; Finkler, PflBget'B Arch,, 



' KupiTer, " Boilrigo 5 
Liiilwig gfwidmet vod seint 
vol. *. p. 273: 1875. 

t Mai Schultzi), Ardi./. mik. Anat., vol. L p. 124 ; 1865. 

t An iutervBling arooaot of the nnmerouB obserTatiuna on (he illumin&tiiiK 
power of vnrious aiiimRls, und on the way in whioh it Jepends upon oxyjtent '» 
uiven by Milne EdwarHs, " Le^one aiir la phygiolope et I'Bimtomie ooiiip»reo," 
rol. Tiii. pp. 93-120: P»rw, I8ia: and byPfliiger, in bis Ardi. /. d. gn. Pby., 
vol. X. pp. 275~300 : 1875. For the eiperimentB on the obemidal aide, vidt 
Rndziszewaki, Ber. d. devi. eketu. Gn.,\ol, tvl. p. 597: 188.% where tbu pivTiou* 
writiDgs on tliii anbject are quotcU. 
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In view of these facta, it caDDot be doubted that free 
oxygen is used up in the tissues of inaeeta. A critical observer 
will nevertheless hesitate before applying these results to the 
vertebrata. In the case of the latter, it is only in the placenta 
of mamnials and in the salivary glands that the oxygen has 
been definitely proved to make its way out through the 
capillary -walls. 

The blood of the umbilical vein is of a brighter red than 
that of the umbilical arteries, and oxyhiHmoglobin can be 
ti'aced in the former by the spectroseope.* It is well known 
that the blood-vessels of the mother and of the embryo do not 
communicate in the placenta; they form two separate capillary 
systems. The oxygen must, therefore, be first diffused 
through the capillary walls of the mother's vascular system, 
and then through those of the fcetus, before reaching the 
blood of the latter. 

That oxygen passes through the capillary wall in the 
aalivat^ glands is apparent, for the simple reason that the 
saliva contains free oxygen. So large an amount of oxygen 
passes out of the blood, therefore, that the cells of the 
glandular tissue cannot consume it, and the excess escapes 
with the secretion. Pfliiger t ascertained the presence of 
absorbed oxygen in the submaxillary secretion with the aid 
of the gas-pump; he found that it amounted from 0*4 to O'li 
per cent, of the volume of the saliva. This fact was confirmed 
by Hoppe-Seyler, who used a very sensitive test for free oxygen, 
a hiemoglobin solution, which, on coming into contact with 
fluids containing oxygen, at once shows the absorption -bands 
characteristic of oxyhirmoglobin.J Hoppe-Seyler found that 



* ZweHel, Areh. f GsniOtblngie, ml. ix. p. 231 : ISIG; Zuntz, Pfliiger'a Jrdk., 
vol, liT. p. 603: 1877. 

t Va&eei, ia bU Areh.. *o1. i. p. 686 : 1368. 

t Hoppo-Seyler, Zeittcht. /. pij/riwt Chem., vol. i. p. 135 : I8T7. Tlie appn- 
n-lua UKd b; bim to admit of the action of the buniogloliiri loliilion on the 
Kcretiou, without comiD;; iu coatoct with the alniospbcrio sir, \a detoribcd 
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the secretions of both the Babmaxillary and of the parotia 
contained oxygen. 

Hoppe-Seyler, on the other hand, could detect no trace of 
oxygen in the bile and urine with the aid of bis sensitive 

reagent.* Nor has any free oxygen hitherto been indubitably 
found in lymph, i'ree oxygen baa, therefore, not been proved 
with certainty to exist in most organs of vertebrata. 

Pfliiger and Oertniannt founded their proof on the following 
experiment. They showed that a frog, in whose vascular 
system a solution of common salt circulated instead of blood, 
used np as much oxygen, and produced as much carbonic 
acid in an atmosphere of pure oxygen, as a normal frog would 
do, A delicate ' canula is tied into the central end of the 
abdominal vein J of a frog, and a 0"75 per cent, solution of 
salt injected in a centripetal direction, until increasingly 
diluted blood, and finally pwre salt solution, flowed from the 
peripheral opening of the vein.§ Frogs thus treated generally 
lived one or two days. If such frogs were introduced into an 
atmosphere of pure oxygen, they consumed as much oxygen 
and developed as much carbonic acid in from ten to twenty 
hours as a normal animal. Oertman concluded from this 
experiment that oxidation proceeded only in the tissues. 
because they alone used np as much oxygen as the tissues 
and the blood together. But this is not a necessary conclusion. 
The facts may equally well be interpreted in support of the 
opposite view. It might be argued in this case that, again, 
only proceBses of decomposition had taken place in the tissues 

• The traoM of Mjgeo whioh PUager {^refc., vol. ii. p. 156; 1869) found in 
the gnjwa that were pumped out of the urioe, milk, and bile, were probablf onlj 
■lae to the unavoidable impregnatiou with atmospJierio air. 

t E. Oertmann, Pflager'a Arch., vol. XV. p. 38! : 1877. 

J The work of Alex. Ecker, " Die Analomie dus Froaohea," Viewpg and Sohu, 
1864-1882 (tianulutod iala English by G. Hnalain, Foreign Biological Meinoiit; 
Cluendon Presa. Oxford), nill Korvu to acquaint the readec with the ocalauiy of 
the frog. It ia plentifully supplied with illustraliouB, and ouutains a oompleto 
aiMwunt of the litenturo of ttie subject. 

I Tills method of oblaJuiug ftogt tiee from blood was Atit iotruducvd hj 
CoUubcim (Titcbow'B JreA.,Tol. ^t. p. 383:1869). 
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of the "ealt-frog;" that the prodacta of decompoaition had 
been diffused through the capillary wall into the solution of 
salt containing oxygen, and had heen oxidized within the 
closed vasenlar Byatem. The partial pressure of the oxygen, 
being five times greater than normal, had made np for the 
want of htemoglobin. 

To conclude this subject, we may state the following 
very interesting fact, ascertained by Ludwig and his pupils. 
Afonassiew* found that the reducing substances of the blood 
from asphyxiated animals occur only in the blood-corpuscles, 
and not in the serum ; and Tschiriew t found that the lymph 
of such animals is also free from these gubstances. 

It thus appears that the blood is only crfncerned in pro- 1 
cesses of oxidation in so far as living cells are suspended in I 
it ; that all oxidations in our body proceed exclusively in the 
active elements of the tissues, in the cells and the products of 
their metamorphosis, hat not in the fluids surrounding them. 

This theory is rendered so probable by all the facts and 
analogies of the case, that it is accepted by every physiologist. 

We have now to consider how the rapid and complete 
oxidation of the nutritive substances in our tissues is to be 
explained. The food eaten at the most abundant meal 
becomes, before six hours have elapsed, nearly all converted, 
by oxidation, into the ultimate products, carbonic acid, water, 
and urea ; whereas proteid, fata, and carbobydrateB ore not 
affected by oxygen external to, and at tlie temperature of, 
the body. Other conditions favourable to oxidation must, 
therefore, be present in the body. 

The most obvious suggestion was, that the alkalinitj' of 
the blood, of lymph, and of protoplasm hod something to do 
with the matter. It is known that the oxidation of organio 
substances proceeds more rapidly in an alkaline than in a 
neutral or acid solution. I may remind my readers of the 

• N. AfonattiBw, Ber. d. tSch: Get d. Winnenteh.. vol, Miv. p. 253 : 1872. 
t 8, TsoMricw, ibid., <rol »x»i. p. Ilti: 1871. 
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behaviour of pyrogaUol — and, indeed, of all polyatomic phenolB 
— of the leuco-compounds of numerous colouring matters, of 
grape-sugar, etc. The latter, dissolved in Boda. absorbs 
oxygen rapidly at the temperature of the body. But it must 
be remembered that for this purpose free alkali ia neeessary, 
whereas our tissues only contain carbo nates, or possibly bioar- 
^ bonatea of the alkaliaii, as free carbonic acid penetrates all 
tissue elements. 

Nencki and Sieber " have indeed shown that dilute eolu- 
tioua of sodium carbonate and grape-sugar, or proteid, also 
absorb oxygen. But the amount absorbed is small, and the 
absorption takes place very slowly. Additional factors most 
therefore be at work in our tissues. 

fiecourse has, therefore, been had to the assumptiou that 
a portion of the inspired oxygen is converted in onr tissues 
into that powerful oxidizing modification termed ozone. Even 
Sch6nbein,t the discoverer of ozone, mentioned this hypothesis. 
"What, therefore, is known concerning ozone ? 

If the electrical indaotioa-current be allowed to pass 
through osygen-gaa, condensation takes place, and the oxygen 
now contains ozone. A amall part only of the oxygen — at 
most 5 per cent. — ia converted into ozone. The volume of the 
ozone amounts to only two-thirds of that of the oxygen, from 
which it waa formed. Soret* has ascertained this in the 
following manner. Oil of turpentine absorbs only the ozone 
from oxygen containing ozone, the amount of which ia aacer- 
tained from the diminution of volume. If a sample of this 
oxygen containing ozone be heated, the ozone is destroyed, 
and the volume increaaes. This increase of volume is always 
half as much as the diminution of volume by absorption. 

• Nencki end Sieber, Jount. /. prakt. Chem., vol. iivi. p. 1 : 1882. Comp«r« 
kIk ScLmieduberg, Arch. /. taper. Path. u. Pharm., vol. xiv. pp. 2D1-296 : 1881 ; 
Hnd Saibowiki, Zeitiehr. f. phyiol. Chem., yol. vii. p- IIS: 1882. 

t Bclioubem, Poggondotff'B Annul., vol. li». p. 171 : 1845. 

t Sorel,.*nn. Cfcfm. i'ftrtnB.,Yol. oixvii. p. 38: 18fi3 : »ol. «xi. p. i)5 : 1803; 
£uppl. T. p. 118: 1807; Cnnpt. rend., t. Ivii. p. G4H: ISGil. 
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Therefore, on heating, one volume of ozone becomes one and 
a half Tolumea of oxygen, two volumes of ozone become three 
Tolames of oxygen. It follows, both from this fact and from 
Avogadro's hypothesis (that equal volumes of gas contain an 
equal number of molecules), that ozone contains three atoms 
of oxygen in each molecule. Three oxygen molecules of two 
atoms each have produced two ozone molecules of three 
atoms. We may imagine that the two atoms in the oxygen 
molecule become separated from each other by the kinetic 
energy of the electric current, and each of them attaches 
itself loosely to an intact oxygen molecule. This third 
oxygen atom, thus loosely combined, has a strong aftiuity for 
oxidizable substances.* In fact, in oxidation by ozone, never 
more than a third of the weight of the ozone enters into 
combination, and no diminution of volume of the oxygen 
contaimng ozone occnrs. 

This theory is also strictly in accordance with the fact 
that eveii at a low temperature ozone oxidizes substances 
which ordinary oxygen does not attack except at a high tem- 
perature. In the case of ordinary oxygen, the atoms must 
first be separated by the kinetic energy of heat. With ozone, 
this was done beforehand by the kinetic energy of the electric 
current. 

It is well known that ozone also arises as a by-product 
during the slow oxidation of phosphorus. An idea can be 
formed of this process by the following explanation: during 
the slow oxidation only one of the two atoms of the oxygen 
molecule enters into combination with the phosphorus ; and 
the other attaches itself to an nndecomposed molecule of 
oxygen. 

It may be seen from the above that the third oxygen 
atom in the ozone molecule, which causes the powerful oxi- 
dations, can have no other property than that of nascent 
oxygen. In fact, it can he proved that wherever slow oxi- 
* CUusiiu, rof^mloidi Jnnol., vol, oui. p. 230; 1864. 
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dation oecnrs, a part of tbe oxygen acquires " active qualities," 
and acta in the same way as the ozone formed during slow 
oxidation of phosphorus. We cannot expect that ozone 
sboald be formed when oxidizable substances are present, 
ae these fix tbe nascent oxygen atom before it can unite with 
a molecule of oxygen to form one of ozone. 

It is with such conditions that we have to deal in tbe 
organism, and for these reasons ozone is never formed in 
the body, though we meet with energetic procesaes of oxi- 
dation. A priori there is no point in trying to trace ozone 
in the animal body. Many litres of oxygen containing ozone 
might be introduced into tbe blood, and yet we could not 
pump out a single molecule of ozone. 

The following experiments show that some of the oxygen 
atoms attain "active properties" during slow oxidation by 
ordinary oxygen. 

If ammonia be present during tbe oxidation of pyrogallol 
in alkaline solution by atmospheric oxygen, it becomes oxi- 
dized into nitrous acid,' Peroxide of hydrogen is formed 
during the oxidation of benzaldehyde.f If metallic sodium 
be oxidized by air in the presence of petroleum-ether, the 
hydrocarbons, which compose tbe latter, are converted into 
the corresponding alcohols and acids.I 

It is well known that benzol cannot be converted into 
phenol by the action of the ordinary oxidiziug agents, but that 
it can by means of ozone. § It can, however, be done by ordi- 
nary oxygen, if ferrous or cuprous sulphate are present. |I 



• T bis experiment of Baumann's wm ootninauiMted by Hoppe-Seyler, Ber. d 
denUeh. ehftn. (let., vol. lii. p. 1553 : il*79. 

t RaiienowitKli. Ber. d. .Itut-ch. c^em. Got, p. 1208 : 1873. 

t Hoppe-Seyler, Ber, d. deulieh. «hem. Ot»., vol. xii. pp, 1553, lSfl4: 1879. 

i NMicki anrl p. Oinposa, Z-iMit.f. fAyiiol. Chan., vil. \v. p. 3S!t: 1880. 
Leeils (.Ber, d. deubeh, chem, Ge-t,, vol. li*. p. 975: IBSI) ooald not cinfirm 
tbis seoount; in Ua cxperim^nta, th« ^nx"! niw nxidired into onrbonio »c\d, 
oxnlic BOid, formio acid, and neelio acid. Bnt the rundilioai nndtrr whieh tbe 
experimeuU were carrind nut differed in tbe two otsea. 

i Nencki uuJ Sieber, Journ. /. prakt. Cham., vol. xxri. pp. 24, 25 : 18B2. 
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We must imagine that the suboxide Osea one of the two oxygen 
att)ms, while the oue set free oxidizes the henzol. 

Palladium -hydrogen lias the same effect as the suboxide 
of iron or copper. Graham has shown that if palladium foil 
be employed as tho negative electrode in the electrolysis of 
water, no hydi'ogen is developed at this pole. The hydrogen 
unites with the palladium. The metal takes up nine hundred 
times its volume of the gas, white at the same time its own 
volume increases. This combination gradually liberates a 
part of the hydrogen; it behaves like nascent hydrogen. 
When, therefore, the palladium- hydrogen comes in contact 
with atmospheric oxygen, the hydrogen becomes oxidized, a 
part of the oxygen is rendered "active," and if benzol is 
present, it is converted into phenol, as it would be by ozone." 

Nascent oxygen, as might a priori be assumed, acts as a 
more energetic oxidizer even than ozone. Ozone, for instance, 
cannot oxidize free nitrogen, any more than it can carbonic 
oxide. The nascent oxygen, on the other hand, arising from 
the action of palladium-hydrogen on ordinary oxygen, oxi- 
dizes free oxygen to nitrous acid, and carbonic oxide to car- 
bonic acid.t 

If benzol is introduced into our body, it mostly reappears 
in the urine as phenol. t We may therefore assume that 
reducing substances also occur in our tissues, and play a part 

• Hoppe-SsylBr, ZeiUchr, f. phyiiol Cbm., toL ii. p. 22: 1878; and toI. i. 
p. 33 : IB86: Ber. d. d«ul*cA chem. Qm., vol. sii. p. 1551 : 1879: and vol. xvi. 
pp. U7, 1917: 1833. Compare alM Leeds, ibid.. toI. xiv. p. 97S: 1881; and 
Mariti Trenbe, ibid., vol. xv. p. 659; vol. ivi. pp. 123, 1201 : 18S3: and vol. 
xviii. pp. 1877-1900: 1885: bIbo BaamaDii and Preaue, ZeiUehr. f. phgtiaL 
Cfcem., to), ir. p. 153; 1880; Nencki, Journ. /. prakt. Oiem.,y\. niii. p. 87; 
1B80: Bad 'Bt.ntatnn, Zal4er. /. phsiiol. Chem., ro\. v. p. •Hi; I8S1 ; and Ber. d 
deuttch. ehtm. Qet., vol. xvi. p. 2146 : 1883. HoritE Traabe baa raised ubjeetioUB 
of coniidHrablB weigbt to the theory that oxygen ia TODdured active by ruduoing 
aiibotaocea. I have eiven thia theory in my ujconnt, bnt muet exprenslj state 
thnt it may involve liypothese« and ftnaloKioal induotinua f^iu faota which poe- 
aibly are capable of a ditTorent interpretation. The reader may roroi bis otrn 
judgmvnt from tbe intereatiu;; and inatruativc norlis quoted sliove. 

t BaumiiUD, ZtiUehr. f. ph\itlot. CAein., vol. v. p. 244: 1881. 

I Schultzeu and Nunnyn, Ruiciicrt and Du Bois' Anh., p. 349 : 1867- 
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Bimilar to tliat taken by them in the above-mentioned experi- 
mente with palladiam-hydrogen or the metallic suboxides. 
I have already stated (pp. 262, 267) that such reducing 
sabetancee are found in the blood of asphyxiated animals ; 
and they are, moreover, to be met vritb in all tissues. 
Ehrlich * showed that blue colouring matters, as alizarin 
blue, indopbenol bine, lose their colour in the tiaeues of 
living animals, and that the tissues turn bine again on 
contact with the air. We may assume that these readily 
oxidizable, reducing substances arise by fermentative action 
from the food-Btuffs along with other products of decomposi- 
tion that are not readily oxidizable. But as soon as the 
readily oxidizable substances become oxidized by the inspired 
oxygen, a part of the oxygen attains " active " properties, and 
oxidizes those which are not readily oxidizable. 

That reducing substances do arise by fermentative action 
in the cells, may be seen in butyric acid fermentation. The 
hydrogen liberated in this procees beuomes oxidized by ordi- 
nary oxygen to form water. Hydrogen never proceeds from 
fermentative processes, if there has been a sufficient access of 
air.f This explains the absence of hydrogen in the atmo- 
sphere in spite of the extensive processes of fermentation 
going on all over the surface of the earth. 

The formation of saltpetre shows us, moreover, in a 
very remarkable way, how processes of oxidation may go 
on in a most energetic manner at the same time as pro- 
cesses of decomposition, produced by putrefactive organisms. 
Nitrogen, which has but a slight affinity for oxygen, is raised 
to the highest stage of oxidation by the oxygen-atoms which 
are liberated during the oxidation of the reducing putrefactive 
products and which oxidize the ammonia resulting from 
the decomposition. Becent researches have proved that 

* p. Eliilicb, " Du SuuerMoffbedilcrDiu det Ot^oianiiu : " Berlin, 1683. 
t Hoppe-Se^ler, Pdlig^r's Ardt., vol xiL p. IS: ISTG; ZeiUchr. /. fAj/tiol. 
Cfcmi.,T0l.*iii.p.2U: 18M. 
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certain liviDg putrefactive organisniB take an active part in 
the formation of saltpetre.* 

It is probable that all the cells in our bodies have the 
same power as these tmiceilular beings, these organisms 
associated with fermentation and decomposition. But we 
need not assume that the reducing Babstances formed by 
them are always the same. Hoppe-Seyler t is of opinion 
that hydrogen is liberated in the tissues of tbe animal body 
just as it is in certain uDicellular putrefactive organisms ; 
that the hydrogen cannot be detected in the tissues, is no 
argument against this view. But, however this may be, 
the nascent hydrogen need not be the only reducing substance 
by means of whioh active oxygen arises iu our tissues. 
These reducing substances may be of very different kinds 
in the various cells ; they may even be numerous and change- 
able in the individual cell, according to tbe functions it is 
required to perform at a given moment.} 

The " Bpontaneous combustion " of hay affords a Btriking 
example of the activity which oxidation of the organic food- 
stufTs may attain, when decomposition of the latter has 
previously set in. If hay is stacked before it is thoroughly 
dry, decomposition begins in the middle of the damp stack, 
through the action of organized or unorganized ferments. 
As all decomposition by ferments is accompanied by hydra- 
tion, drying is the best means of preventing it. Heat is 
liberated by the decomposition, and proportionately with the 
rise in temperature in the middle of tbe stack an ever- 
increasing accumulation of easily oxidizable decomposition- 
products is formed. If the hay be now disturbed bo that 

' Mitnti Bl Sphloaiiig, Compt. rend., t. \xxtiv. p. 301 ; 1877 : t. I»wy. p. 
lOIBt 1877; L lixsii. p. 891; 1S79; Warriiigtoo, dun. Nem, vul. luvi. p. 
263: 1S77; vol. xxxix. p. 221: 1879. 

t Huppe-Seyl^'f, PflBgor'B Arah., vol. Kii. p. 16; 1876. Compftre Nonoki, 
Joum. /. prakt. tSfflt.) vol. xiiii. p, 87 : 1880 ; and BBUnmnn, Zeitiehr. /. phytloL 
Chmn., vol. T. p. '^14: IS81, 

X OoiDpnra Br. Biuliiuewaki, " Znr Theoria der FhuBpboreicenzerMliei- 
nuDg," Ber- d. ehatMck. dun. Qei., toL xtI. p. 597 : 1883. 
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there is free aoeeea of atmoapherio oxygen to tlie internal 
parts of tbe stack, the whole blazes up and is consumed. 

The rapid oxidation of food-stuffs which takes place in our 
tissues offers no mystery if the analogies that we have dwelt 
upon are taken into consideration. We must, however, not 
forget that the participation of active oxygen in the process is 
at present only an hypothesis, and that the facts are capable 
of another explanation. In this connection another hypothesis 
deserves mention, which was first started by Moritz Traube.* 
I refer to the idea that " osygen-earriers " are tbe active 
factors in the chemical processes of our body. By this term 
are meant substances which combine loosely with oxygen, 
and readily give it up to others which do not directly unite 
with oxygen. A well-known example of such an oxygen 
transport is seen in the part played by nitric oxide in the 
preparation of sulphuric acid. Sulphurous acid cannot unite 
with oxygen directly. But if nitric oxide be present, sul- 
phuric acid results ; for tbe former body forma a loose com- 
pound with oxygen, and gives up the oxygen to the sulphurous 
acid. A small quantity of nitric oxide is capable of convert- 
ing an unlimited quantity of sulphurous into sulphuric acid. 

A similar action to that of nitric oxide in the oxidation of 
sulphurous acid, is manifested by sulphindigotate of potassium 
in the oxidation of grape-sugar. If a solution of grape-sugar 
be heated, in the presence of air, with some carbonate of 
soda, only a very insignificant and unimportant absorption of 
oxygen takes place. But if sulphiudigotate of potassium be 
present, it gives up its loosely combined atom of oxygen to the 
grape-sugar and becomes decolourized. On shaking up the 
solution with air, it again becomes blue ; the sulphindigotate 
of potassium has again taken up oxygen from the air. On 
letting the solution stand for a brief period, it again becomes 
decolourized. The blue colour only remains permanent at tbe 
surface, where tbe solution continues in constant contact with 
* M. Trwilw '' Tbeorie dct Funoootniikuageu ; " Deilia, IS^. 
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the air. In this manner a email quantity of Bulphindigotate 
of potasaium ia able to effect the oxidation of large quantitisB 
of grape-Hugar, provided a free admission of atmospheric air 
be allowed. 

The same result can also be produced by cupric oxide. 
A blue ammoniacal solution of cupric oxide is decolourized 
when heated with grape-sugar. The cupric oxide is reduced 
toeuproua oxide ; it has given up one atom of oxygen to the 
grape-sugar. On shaking it up with air, it again becomes 
blue, and so on. The cuprous oxide here plays the same 
part as oxygen-carrier that the nitric oxide does in tha 
formation of sulphuric acid. 

The oxidation of oxalic acid in the presence of a Bait 
of iron affords another example. Under the influence of 
light, oxalic acid ia oxidized, carbonic acid is formed, while 
the ferric oxide ia reduced; the admission of air causes the 
ferrous oxide thus formed again to absorb oxygen ; and thus 
a small amount of ferric salt has the power of gradually 
causing the oxidation of a large quantity of oxalic acid." 

When we attempt to explain the rapid oxidation in the 
hnman body in an analogous manner, wo are met with the 
difficulty that no oxygen -carrier can be detected. Hromoglobin 
at first suggested itself, but direct experiment haa shown 
that the oxygen which is loosely attached to the oxyhiemo- 
globin produces no other oxidations than the ordinary 
molecular oxygen. t Moreover, it must be taken into con- 
sideration that oxidation occurs chiefly in tissues which 
contain no hiemoglobin. A part of the muscles forms an 
exception to this rule, but even these only contain traces of 
hasmoglubin. The part played by hramoglobin in the blood 
consists merely in transporting the oxygen in a concentrated 
form through all the organs, aud in giving up some wherever 
needed. In this sense, in fact, hemoglobin may be regarded 

* PreOor, Unleri. aai den botati, Indilul lu TShingen, vnl. i. p. 679: 1883. 
t Uoppe-Seyler, Med. ehm, Unlen., voL i. p. 133 : 1^60. 
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as an oxygen-carrier, bat not in tbe sense of the oxygS^ 
carriers in the four examples adduced. The latter also 
yield their oxygen to those substances which are not o&idized 
directly on coming into contact with the atmosphere, whereas 
the bcemoglobiu yields it only to those substances which haye 
the power of fixing ordinary molecular oxygen. 

It would really be more reasonable to consider tbe ferric 
oxide as the oxygen-carrier in our tisaues. Wherever proteid 
and nuclein are to be found, loosely combined ferric oxide is 
also to be met with. It must be remembered that in the con- 
veraiou of ferrous into ferric oxide, two atoms of iron invari- 
ably combine with only one ot oxygen ; that therefore a 
splitting up of the oxygen moleotUe must precede oxidation, 
and that the oxygen is not separated during reduction as 
molecular oxygen. On the other hand, it must be borne in 
mind that in the oxidation of oxalic acid, as in the example 
given, the transference of tbe oxygen by the ferrous oxide only 
occurs if the kinetic energy of sunlight co-operate simul- 
taneously. It would thus be necessary to assnme that our 
tissues are endowed with an analogous kinetic energy. It is 
doubtful whether the heat of the body would be sufficient 
for this purpose. 

The theory that oxygen ia active in the tissues has also 
been shown to be at variance with tbe fact that certain very 
readily oxidizahle substances remain wholly or partially 
unaltered in their passage through the tissues of our body, 
such as pyrogallol,* pyroeatechin.t and phosphorus, t Car- 
bonic oxide,§ which in converted into carbonic acid by nascent 

* Cl. Bernard, " Le^na anr iee propri^l^ phyBloln^qups. pic, dee liqnides 
de I'DT^uiisme," t. ii, p. 114 : 1859 ; Buumikna and llerter, Zeiltfht. /. phytioL 

em, vol. [. p. 2*9 : 1877. 

-f BBnmaDn and Hertor, ibid., p. 240. 

t Hans Heyor, Arrh. /. cjjwr. Pnth. u. rharm., vol. ii«. p. 329: 1881. Tlio 
previom literature on thia anbjeat will bo found quoted here. 

§ Oaetann Oagllo, ibid., vol, xxii. p. 236: 1887. Ia Goglio's experimenti 
tbe cntbonio oiido wai inspired, St. Zaieaki (ibid., yl. u, p. 34 : 1N65) fouuil 
tbat, after intraporitoneat injeclian of carbonio oiide blood, do carUtoio oiida 
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oxygen, and oxalic acid, which is bo readily oxidizable," are 
quite nnaltered in the organism. 

But these facts, tuo, may be explained in another way. 
Every molecule, while on its travelB, does not necesBarily 
reach that point where it would meet with nascent oxygen. 
It even appears a plausihie assumption that substanoes 
which do not belong to normal nutrition, or such as are 
poisonous, do not reach those cells in which the most intense 
oxidation occurs, to constitute a source of energy for the per- 
formance of normal functions. These cells, like all others, 
make their choice ; they work with definite material, and 
reject that which is likely to be injmious (compare pp. 5-6, 
108, 164, 174-175, and the begimiing of Lecture XVII.). 

Another esplanation of the fact that pyrogallol and 
pyrocatechin do not become oxidized, is that they do not 
circulate in a free state through the body, but, Uke all 
hydrosyl derivatives of the aromatic hydrocarbons, i.e. all 
phenols, combine with the sulphuric acid which arises &om 
the decomposition of the albuminates in the tissues. The 
phenols play the same part here that the alcohols do in 
the formation of the sulphuric ethers. A miion accompanied 
by dehydration takes place ; the aalphoric acid is converted 
from a dibasic into a monobasic acid, and reappears in the 
urine as an alkaline salt. 

These conjugated sulphuric acids were discovered by 
Baumann. He showed that the urine of herbivora always 
contains an abundance of phenolsulphate of potassium. t To- 
gether with this another conjugated sulphuric acid occurs, in 
which the phenol is replaced by a methylated phenol called 
cresol,} and also sulphuric acid conjugated with pyrooate* 

wa« given out hj the lungs. It thiu appeun that carbonic oxide, introduced in 
tbia waj, becomes oiMizeil. 

• Goglio, loe. eit., p. 246. 

t BftUBuinn, Pfliiger'B Atvh.. vol. lii, p. 63 : 1876 ; niid vol. xiii. p. 285 : 187fl. 

I C. Preusae, ZeOichT. /. phynal. Ch*m., voL IL p. 359 : 1878 ; and Briagfir, 
ibid.,*oLiv.p. 2U; 1880. 
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chin * and with indoxyl.t These combinations were i^bo 
found to be invariably present in human urine, and only 
absent in the urine of camivora if nothing but meat were 
eaten. 

It appears that snlphoric acid, which, being the extreme 
stage of oxidation of sulphur, is not capable of further oxida- 
tion, also protects the organic conjugate against oxidation, 
even if the latter belongs to the group of fats. Salkowski t 
found that etbylsulphuria acid, when given to a dog, passed 
unaltered into the urine. 

The question whether the nucleus of benzol is ever broken 
up by the decompoeing and oxidizing agents occurring in our 
tissues, has not yet been settled. All aromatic compounds 
whose behaviour in the animal body has been examined in 
detail reappear in the urine as aromatic compounds, 
although mostly in an altered form. But the experiments 
have not been executed quantitatively. The possibility 
remains that at least a small part is decomposed. Outside 
the organism, benzol can be oxidized by the action of ozone 
at an ordinary temperature, and thus converted into car- 
bonic acid, osahc acid, formic acid, acetic acid, and an 
amorphous black re8idue.§ Should a really active oxygen be 
demonstrated as existing in our tissues, we might infer that 
a complete decomposition of the benzol also occurred in 
them. 

Phenol is oxidized and split np by permanganate of 
potassium in an alkaline solution, with the production of 
oxahc acid. This fact led Salkowski fl to examine the blood 
of rabbits poisoned by phenol for oxalic acid. Oxalic acid 
was detected in two out of three cases, but not in the blood 
of two healthy rabbits. 

• Baummn, Pfliiger'fl^«A., lol. sii. p. eS: 1R76. 

t Bniimftnu nnd L, Brieftor, ZeitKht.f. phytloL Oheia.. vol iii. p. 25i : 1S79. 

: E. Sstbowiiki, Pflileer'B Areh., toI. xii. p. 63: 1876. 

§ Leeds. Ber. d deutgch. chem. Ge*., voL xir. p. 073 : ISSl. 

D fiklkowski, PBQger'a Jrdt., Tol. t. p. 3S7 : 1873. 
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Experiments carried out by Taaber • and Auerbaoh t in 
Salkowski'a laboratory showed equally that if phenol be 
given to doge, only a part, varying from 30 to 70 per cent., 
according to the amount introduced, ever reappears in the 
urine and fBBcee, Bat it should not be immediately assumed 
that the phenol which has disappeared, has undergone com- 
bustion. It is quite possible that the benzol was not de- 
stroyed, but that the phenol had passed into another aromatic 
compound. Schaffert in fact found, in two experiments in 
which he estimated the amount of conjugated sulphuric acids, 
that these latter were increased after tlie addition of phenol, 
and in the exact ratio of the amount of phenol administered. 
No increase of oxalic acid in the urine could be detected in 
these experiments, nor in those of Tauber and Auerbach. The 
latter was not able to find any oxalic acid in the blood, either. 

After Sehotten § and Baumann || had introduced certain 
aromatic amido-acids, with three carbon atoms in the lateral 
series (tyrosin, phenylamidopropionic and amidocinnamic 
acids), into the organism of men, dogs, and rabbits, they 
could find no increase of any known aromatic compound in 
the urine. They hence concluded that these aromatic com- 
pounds had been completely oxidized.^ 

A sceptical observer may be inclined to doubt the correct- 
ness of this conclusion without further evidence. We are 
far from being acquainted with all the aromatic compounds 
which may occur in the urine. 

What is actually known concerning the changes which 
aromatic compoands undergo through oxidation in the animal 
body, is as follows, 

■ Taaber, ZeiOehr. f. phy$itil. Chem., toL U. p. 366 : 1878. 

t Anerliaol), Virchow*! Ardt., toL lixvii. p. 226: 1879. 

J Sohsfftr. /ourn./. prakL Cim. N. F., toL iviii. p. 282 : 1878. 

§ Scliotteo, JMlKAr./. ^Aynjol. Ck«n).,,Tol.Tii. p.23: lS82i and vol. viii. p. 



II Banmann, ibid., Tol. x. p. 13( 
i. p. t».^: 1887. 
1 Vide also NencU and P. Giwww, ibid., vol. It. p. 



Compare &Uo E, Baai, ibid,, vol. 
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The hydrocarbons are hydroxy lized, the benzol being 
converted into oxybGnzol and dioxybenzol "— hydrochinon and 
pyrocatecbin. Oxidation does not advance a step further ; 
for, after the administration of a few milligrammeB of dioxy- 
benzol (pyrocatecbin), it reappears unaltered in the urine. f 

If the aromatic combination introduced into the animal 
body has a lateral series belonging to the fat-group, it is 
in most cases attacked by oxygen. t Thus toluol (C5HJ-CH3), 
ethylbenzol (CHs-CaHO, propylbenzol (CB^-CM,), ben- 
zylalcohol (C»H5-CH,0H), are all converted by oxidation 
into benzoic acid (C„HjCOOH). On the contrary, phenylacetic 
acid (CoH,-CH5-COOH) is not attacked by oxygen. The 
inoxidizable carboxyl group appears in this case to protect the 
adjoining carbon atom in the aame way ae we have seen happen 
in the inoxidizable sulphuric acid. Group CH^ in phenyl- 
acetic aoid is protected on one side by the indestructible 
benzol nucleus, on the other by carboxyl. But if more than 
one atom of carbon is inserted between the benzol nucleas 
and carboxyl, this protection does not suffice. Pbenylpro- 
pionic acid (C,H,-CH.-CH,-C0OH) and einnamic acid 
(CoHj-CH := CH-COOH) are converted into beuzoic acid 
(C^HeCOOH) by oxidation. If more than one lateral series 
be present of the benzol nucleus, only one of them is eon- 
verted by oxidation into carboxyl. Thus the following 
changes are produced by oxidation : — 

Sjlol, CjH, i^fj' \ is eouvPTtai iuto 0,H. {co6a! '"'"J'"' «^ 



' 1co6hJ 



witirieni. 



In the animal body, many aromatic compounds enter into 

" Banmann uad C. Preuoge, Xeitiu>hT-/.yhyanl. Che>a., vol. iii. p. 15C: 1879. 
t De Jonge, ibid., toI. iil. p. 184 : 187!». 

t Sohiiltzenond Naunyn.Reir'hert aud DLlBui8'.Jr<^h.,p. 349: 18UT; Neucki 
And P. QUoow, &itMAr. /. fhytiol. Chem., toL Iv. p. 825 : 1S80. 
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combination witb members of the fat-group which are easily 
oxidizable, and protect these from oxidation. The best-known 
inatance of this kind is the formation of hipporie acid from 
glycocoll and benzoic acid : 

CHaNHg CoHs CH„NH— CO— CcHj 

I -j- I ■ = I ' +H30. 

COOH COOH COOH 

When no aromatic compounds are present in the animal 
body, glycocoll undergoes complete oxidation, and is con- 
verted into carbonic acid, water, and urea (see Lecture XVI.) ; 
but, by uniting with the indestructible benzoic acid, it is 
protected against the influence of oxygen, and appears in the 
urine as hippuric acid (see Lecture XVL). 

Schmiedeberg and his pupils* hare observed an interesting 
synthetic process of this kind in which a product of the 
oxidation of sugar unites with an aromatic compound, and 
is thus protected against further decomposition and oxidation. 
If camphor (CioH.^O) be administered to a dog, this substance 
is hydroxylized in the same way as we have seen happen 
with regard to benzol ; and campherol [C|i,H,s(OH)0] is 
formed. But this product does not pass as such into the 
urine, but combined witb glycuronic acid, with which it has 
united with dehydration. The formula of glycuronic acid is 
CeHiuOi and, judging from all its properties and reactions, it 
must be regarded as a derivative of grape-sugar, and as a 
result of Incipient oxidation.! If we break up the compound 
of campherol and glycuronic acid by boiling with dilute acids, 
the liberated glycuronic acid is rapidly decomposed; it becomes 
brown, and carbonic acid is developed. It is difficult to obtain 
a satisfactory quantity undecomposed for analysis. The ease 
with which this acid is decomposed and oxidized explains 



• a Wiedeownn. Arrh. f. raper. Part. u. Fharm., yo\. vi. p. 230: 1877; 
Bolimiedeberg and Hudb Muj'er, ZeitKhr. f. phytiol. Chirm., vol. iti. p. 422 : 1879. 

t On Ibe cbenitml propertiea ol glycuiouic aoid, vide H. Thierraldcr, iUd., 
ToLiLp.S88: 1867. 
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«b; ve do not meet 'with it in ths normal metabolism m 
auimala. Here we find that the sugar, as soon as its oxida- 
tion has commenced, is rapidJy decomposed into carbonic 
acid and water. It appears that fats offer definite points of 
attack for oxygen ; and if these points are protected by non- 
oxidizahle EiibetanceB, the oxygen is unable to operate upon 
tbem. As soon as these points are undefended, they are 
rapidly decomposed and oxidized. 

Schmiedeberg • has met with glycuronic acid a second 
time under different circumstances. He fed a dog on food 
containing no albumen, such as bacon and starch paete, and 
then administered benzol. In order to form phenolsulplinric 
acid, the organism in this case could only dispose of a minute 
quantity of sulphuric acid, resulting from the decomposition 
of proteids in the tissues — no sulphur having been introduced 
with the food. It follows that all the phenol formed from the 
benzol did not appear in the urine conjugated with sulphuric 
acid. It was proved that a part appeared as conjugated 
glycuronic acid. 

Other inquirers have also repeatedly met with glycuronic 



acid. 



Jaffet found that orthonitrotoluol (CeH4lfiiT^J 



is converted, in the dog, into orthonitrobenzyl alcohol 
f CbH4 JQg^Qg). This alcohol appears in the urine 
conjugated with an acid, which seems to be identical with 
Schmiedeberg's glycuronic acid. Mering and Musoulua J 
found, in the urine of men and dogs to whom hydrate of 
chloral or of butylohloral had been administered, the cor- 
responding alcohols, trichlorethyl alcohol and trichlorbutyl- 

• Bobmiedebeig, Are\./. trpfr. Path. u. Fharnt., toI. ili, pp. SOii, 307 : 1881, 

+ Jatfe. ZeitKhr. /. fAj/Kol. Ckcm.. vol. ii. p. 47 : 1878. 

I Von Hsring And HhkuIiis, Ber, d. dtalnA. diem. Qei,, vol. vliL p. 662 ; 
1975; Ton Mering, ZeiUdtr. f. phyriol. Chem., voL vi. p. 480 : 1882. Tide also 
KBIl, PflQger'a Areh., vol. iiviiL p. 506 : 1882: and Kosst'l, Zeiltshr. /. phytiol. 
(Sum., ToL if. p. 2!I6: 1880; and U. Leuiik, Areh. J. exper. PoU. u. PAarm.. 
nk ixi. p. 168 : 1887. 
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alcohol, conjugated with glycuronic acid. It is to be noted that 
in this process the conjugate of glycuronic acid is formed by 
reduction, while in the processes observed by Schmiedeberg 
and Jaffe, it was due to oxidation. Again, in the experiments 
of Mering and Musculus, it was not an aromatic compound 
which protected the glycuronic acid from oxidation, but one 
belonging to the fatty series, which had been rend0r0d more 
or less incombustibljB by chlorine. 
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LECTURE XV. 

THE GASES OF THE BLOOD AND RESPIRATION (continV£d) — 
BEHAVIOUR OF CARBONIC ACID IN THE PROCESSES OF INTERNAL 
AND EXTERNAL RESPIRATION — CUTANEOUS RESPIRATION — IN- 
TESTINAL GASES. 

In our previous remarks on the gases of the blood and on 
respiration, we have become acquainted with the behaviour of 
oxygen and the processes of oxidation in the tissues. It now 
only remains for us to consider the ultimate gaseous product 
of the processes of oxidation and decomposition, carbonic 
ACID, together with its behaviour in the processes of internal 
and external respiration. 

In the venous blood of the dog, the carbonic acid amounts 
to from 39 to 48 vols, per cent, (reckoned at 0° C. and 
760 mms. mercury) ; in the arterial, to an average of about 8 
vols, per cent, less.* 

Carbonic acid, like oxygen, is not simply absorbed in the 
blood, as there is far too large an amount. Water absorbs 
double its own bulk from an atmosphere of pure carbonic 
acid, at 0° C. ; at the temperature of a room, it absorbs its 
own volume, and at the temperature of the body, half its 
volume, or 50 vols, per cent, of this gas. Very nearly as 
much as this is contained in venous blood. If, therefore, 
the carbonic acid were simply absorbed, its partial pressure 
would amount to that of a whole atmosphere. This cannot 

* A. Bohoffer, Wien, akad. 8iUung8ber,f yoL xlL p. 589: 1860; Sczelkow, 
ibid., YoL xlv. p. 171 : 1862. 
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be the case, for the partial pressurea of all the gases of the 
blood together can never amount perceptibly to more than 
one atmosphere. 

The partial pressure of the carbonic acid in the blood is 
aecnrately known from the researches of Pfliiger and hia 
pupils WoifTberg, " Strassbarg, t and Nussbaum.t They 
introduced blood from the vessels of a living dog into the 
upper end of a vertical glass tube, which contained nitrogen 
with a small percentage of carbonic acid. The blood ran 
down against the sides of the tube without coagulating, and 
was at once removed when it reached the lower end, by a 
particular arrangement which prevented any air getting to 
it.5 If the tension of the carbonic acid in the blood is greater 
thau in the gas inside the tube, then the amount of carbonic 
acid in the gas must increase ; if the tension in the blood is 
less, then the amount of carbonic acid in the gas must 
dimimsh. It was proved by numerous experiments that the 
pressure of COi amounts to 5'4 pet Cent, of an atmosphere in 
the blood of the large veins of the dog and in tliat from the 
right heart, and to 2'8 per cent, in arterial blood.! 

Now, as water at the temperature of the body only takes 
up about 50 vols, per cent, of COj from an atmosphere of 
pure carbonic acid, it follows that veuous blood which ia 
under a carbonic acid pressure of only 5 per cent., or ^q of 
an atmosphere, cannot contaiu more than about §^^2^ 
vols, per cent, of COj simply absorbed. The remaining 36 
to 46 vols, per cent, must be in a state of chemical 
combination, and a glance at the composition of the ai3h of 
blood {vide aitpra, p. 245) shows us that the substances, which 
fix carbonic acid, must he soda and potash. The ash of the 

• WolffhwR. Pllnger'a Arek., vol. iv. p. 46,"! ; 1871 ; aud vol. Ti. p. 23 : 1B72. 
+ Stnwsbur^, ibid., roL Ti. p. 65 : 1872. 
t Nnflsbiinm, ibid., vol. vii. p. 296 : 1873. 

§ DiiigniuB and dDscription of tbo apparSitiu are given b; Stnuaboi^, toe. 
eit., p. 69. 

{I fltraitburg, he. HI. 
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plasma h&e never been analyzed. I found that sernm, t€^ 
ash of which cannot be of very different cooBtitiition from 

that of the plasma, has the following composition : — • 



OfS THOItSANt) Giu 



K,0 
N«,0 

MgO 



a or Sebum rnon Doa'a Blood 
0-203 I Fe,0, . , 
4 311 P.O. ., 
0-176 01 
0-041 I 



We need take no notice of the minute proportion of potassinm, 
which probably arises mostly from the breaking up of the 
leucocyteB, and of Vfhich there is only a trace in the plasma 
of the living blood. Nor is it necessary to take into con- 
sideration the small amount of lime and magnesinm ; they 
are for the most part combined with the albumens and nucleo- 
albumens, and perhaps are not at all concerned in fixing 
carbonic acid. Anyhow, the bulk of the carbonic acid in the 
plasma is combined with sodium : 3'463 of the 4'341 (j^ms. 
of sodium are sufficient to saturate the only strong mineral 
acid of the plasma, the hydrochloric acid. The remainder, 
0-878 grm. of sodium is able to fixO-6-23 grm. C03 = 31C ccms. 
carbonic acid gas (computed at 0° C. and 760 mma. mercurial 
pressure), besides an equal additional amount when the 
bicarbonate of soda is formed. 63*2 ccms. of carbonic acid 
(i.e. 63 vols, per cent.) may, therefore, be chemically combined 
in a litre of blood-plasma. It must, however, be remembered 
that the carbonic acid never really reaches quite 63 volumes 
per cent., as the 0'878 grm. sodium must be divided amongst 
the other weak acids — such as phosphoric acid, proteid, and 
perhaps many others, each of which is of little importance 
singly, but which, altogether, exert some indnonce. As a 
fact, from 43 to 57 vols, per cent, of carbonic acid have up to 
the present been found in arterial blood-serum of the dog. 
The amount of COj must be still larger in the serum of v 
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blood, where the disposable sodium ie perhaps almost com- 
pletely Baturated with carbonic acid. How large a share of 
the sodium fails to the lot of the carbonic acid depends on 
"mass influence," i.e. on the partial presanre of the carbonic 
acid." In the tissues where COj is liberated by oxidation 
and decomposition, and its partial pressure rises, sodium 
bicarbonate must be formed at the cost of the Bodiam 
albuminate and of the dibasic sodium phosphate (Naj HPO,), 
which latter gives up one-half of its sodium, and is converted 
into the acid salt (NaH,POi). In the alveoli of the lungs, 
where the partial pressure of the carbonic acid is diminished 
in consequence of the constant raeehanical ventilation, the 
hlood gives off a portion of its carbonic acid hy diffusion ; the 
mass- influence of the COj in the blood becomes lessened, and 
that of the other acids relatively increased ; again sodium 
albuminate and dibasic sodium phosphate (NajEPOj) are 
formed at the cost of the sodium bicarbonate. As soon as 
the amount of free carbonic acid deereasea, however little, the 
amount of the loosely combined COi also diminieheH, and even 
to a considerable estent. By this arrangement, the amount 
of carbonic acid of the blood can vary within wide limits 
without the total pressure of the gas being materially altered. 
A change of pressure up to 2"6 per cent, of an atmosphere 
produces an alteration of 8 vols, per cent, in the carbonic 
aoid of the blood. This allows of large quantities of CO, 
being transported in a short time from the tissues into the 



Hoppe-Sejler and his pupil Sertoli f have shown that 
proteid does indeed compete with the carbonic acid (»t the 
pOBseBsion of the sodium. Proteid drives out carbonic acid 
in a vacuum from a solution of simple sodium carbonate ; the 

• N. Zuntz, Centralb./. d. ntd. Wiuerurh., p. 527: 1867; F. C. Dnude™, 
Vaa^a'a Areh.. vol. v. p. 20 : ltJ72. ?!((« also J.OauIe, Du Bois' ^reb., j). 409: 
1878. 

t Bertoli, Med. ehem. Unlcri., toq Happe-Sejler, Heft IIL p. SSO: Uertia, 
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amoant driven out is, however, very small, bs might d priori 
be anticipated, owing to the great molecnlar weight of the 
proteid.' 

The occurrence of phosphates of the alkalies in the 
plasma has freqaentlj been doubted, t The pboephoric acid 
in the asb bus been ascribed to the lecithin and nuclein, 
but the amount is too large for this purpose, at any rate in 
dog's blood ; in bullock's and pig's blood it is certainly much 
smaller. t But, at any rate, it is only a small portion of the 
alkalies which is combined with phosphoric acid in the 
plasma. In the corpuscles, on the contrary, there is no doubt 
that phosphates play an important part in hung carbonic 
acid. 

The way in which the phosphoric acid is driven from the 
possession of the sodium by the carbonic acid, and vice vem'i, 
may be demonstrated by a simple experiment. If to a 
Bolution of NaaHPOi a few drops of litmus solution be added, 
the Bolution becomes blue. If COj he now introduced, the 
solution becomes red ; the earbouic acid is not tlie cause of 
this change in colour, as a control experiment shows, bat the 
formation of NaHjPO*. NaHCOj is formed simnltaQeously. 
If the vessel be left open, the carbonic acid gradually dis- 
appears, the mass influence of the phosphoric acid becomes 
relatively greater, it again takes possession of the second 
Bodium equivalent, of which it had been robbed by the CO,, 
and the blue colour reappears. This procesB can be hastened 
by boiling. 

Carbonic acid is found not only in the blood-plasma, but 
also in the corpuscles, though not in such targe quantitieB. 
This follows &om the simple fact that the total blood oon- 
taiDB less COa than the serumu But the dilFerence is not 



• Boppe-Se^la-, ■■ PbyaiologiBche Ohemie," p. 503: Berlin, 1879. 

t Sertoli, loc eit. 

t Vide Baoge, Zeiliekr. /. Biolog.. toL lii. pp. 20«, 507; IS7C; anJ Sertoli, 
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sufficient to enable ua to ascribe all the carbonio acid to the 
serum.* 

The carbonic acid cannot be completely removed from the 
aerum by the air-pump, a. proof that the amonnt of the non- 
volatile weak acids is less than the equivalent of the 0'9 per 
1000 sodium just estimated. But more than half can be 
removed,t a proof that the process ie not merely a tranaition 
from sodium bicarbonate into carbonate, but also a partial 
displacement of the firmly combined carbonic acid by the 
other weak acids, proteid, phosphoric acid, etc. 

The carbonic acid may, on the contrary, be completely 
pumped out of the blood. J And, moreover, Pfluger§ has 
shown that if sodium carbonate be added to the blood, the 
COi may be driven out even from this in a vacuum. In 
order to explain these facts, we must assume either that acids 
from the corpuscles diffuse into the plasma, or that sodium 
carbonate diffuses from the plasma into the corpuaclua. 

With regard to the acids of the blood-corpuacles, the most 
important place is held by the phosphoric acid, iu which the 
corpuscles are, at any rate, far richer than the plaaraa {fide 
sitpni, p. 245). Only a very small portion of this large amount 
of phosphoric acid can be contained in the corpuscles as 
an organic compound. In the second place, probably the 
oxyhtemoglobin ia of influence, for, as Preyer || has shown, it 
drives out COj from sodium carbonate in a vacuum. 

It baa been much disputed whether the giving off of 
carbonic acid from the capillaries of the lungs into the air of 
the alveoli simply follows the laws of diffusion, or whether 
we must assume that special excretory forces are at work in 
the lung-tissue. The results of the following experiment of 

• Aloxonder Bchmiilt, BeriAtt tSitr die Varhandlungta Jar kOniyl. iSeht. Oa: 
d. Wuinttoh. IU Lfiptig, Matb. [ihfA. Classe, vol. lii. p. 30: 1SG7. 
t Paager, " Ueber Aie KohleDaitire clea Blutfa,** p. II : Bonn, ISOt. 
t SctavliLHow, SittuagibeT. d. IFi'sn. AhU.. ml. nxvi. p. 1&3 : ISSn. 
§ PflQger, toe. eil., pp. 5, et taq. 
II W. Piejer, "Die JlLotkijiUUe:" Jena, 1S71. 
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Pfliiger and his pupila, Wolffberg" and Nusabftum.f are 
favour of tbe former view. If the giving off of carbonic acid in 
the alveoli of the lungs Bimply follows the lawa of the diffuBion 
of gases, we should espect a priori that, if a lobe of the lung 
■were hlocked by closing the corresponding bronchus, the 
carbonic acid pressure would rise in the air-cavitiea of the 
lung thus closed in. until it balanced the carbonic pressure in 
the venous blood flowing in. and that then the blood Sowing 
out, i.e. the arterial blood of the pulmonary veins in this same 
lobe, would also have the same CO3 tension. The experiments 
of Wolffberg and Nussbaum have in fact shown that, under 
these conditions, the presanre of COj in the alveoh is the 
same as in the ■venous blood. 

One pulmonary lobe was successfully closed in the follow- 
ing manner. An elastic catheter t was introduced into a 
branch of one bronchus of a dog that had been tracheotomized. 
The catheter had a double wall ; the outer, which was made 
of indiarubber, was thiunor towards the end inserted in the 
bronchus, so that, when inflated, this end expanded, whilst 
the thicker portion of the wall remained the same. This 
flask-like expansion of tbe tube ensured a completely air- 
tight closure of the bronchus. Ventilation went on unimpeded 
in the other lobes of the same lung and in the other lung, 
Bo that there could be no lack of COj in the blood. The 
pressure of carbonic acid was thus also normal in the blood- 
vessels of the lobe that had been stopped up. When the 
closure had lasted long enough, a sample of the gas could be 
drawn out through the inner tube of the catheter, and used 
for analysis. The mean of numerous estimates of the 
enclosed pulmonary air gave an average pressure of COj of 
8'84 per cent, of an atmosphere, and of S'81 per cent, for the 

• W..1irborg, Paager-a Afeh., yol. iv. p. 465 : 1871 ; »ad toL vi. p. 23 : 1872, 
t Kanbaam, ibi<I., toL rii. p. 296: ISTit. 

X A desi'iiption nnd illustration of tiie "lung-otthelef " an glraii hj Wolffberg, 
ibid., vol. IT. p. 497, etc. : 1871. 
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blood from the right heart. The fact that the latter figure is 
lower than in the above-mentioned experimenlB of StraBsburg, 
who found a mean of 5'i per cent., is explained by the fact 
that the animals were not tracbeotomized in Strasaburg's 
cases, and that, in consequence of tracheotomy, the ventilation 
of the lung is far more complete, and the retention of carbonic 
acid in the blood is much less. 

Under normal conditions, if the interchange of gas simply 
follows the laws of diffusion, the pressure of COj could never 
be higher in the alveoli of the lungs than in the arterial 
blood, the two being equally balanced. If the balance is 
complete, the pressure must be the same ; if incomplete, the 
pressure in the alveoli must be lower, but can never be higher. 
If it were, we should have to assume that forces were at work 
in the lung-tissue to expel it. How do the facts agree with 
this deduction? Strassburg found that the pressure of 
carbonic acid in the arterial blood of the dog was from 2'2 to 
3'8 per eent., or on an average 2'8 per cent, of an atmo- 
Kphere.' 

The normal CO, pressure in the alveoli cannot be ascer- 
tained, but we can determine its mtoimal value by estimating 
the COa pressure in the total air expired, which is a mixture 
of alveolar air and atmospheric air. If this minimal value 
should prove higher than the carbonic acid pressure in the 
ui-terial blood, tbe assumption that the interchange of gases 
proceeds only by diffusion would be refuted ; we should be 
forced to consider that there were other special expelling 
forces at work. 

The amount of earbonio acid in the expired air of the 
dog has, so far as I am aware, only been estimated onoe. 
Wolffbergt found from 2'4 to 3'4, a mean of 2'8 per cent. 
Wolffberg's dog was tracbeotomized. The Cd tension in 
the expired air would be higher in a dog breathing normally, 



• StrnBebiirg, Iob, til,, p. 77. 

t Wolffborg, PflUgei'. Arch., fol. i 



, p. 47S; 1671. 
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and Btill higher in the alveolar air than in the expired int. 
These experiments urgently require repetition. The facts, 
BO far, are only partially reeoncileable with the theory that 
the interchange of gaaes in the longs proceeds merely accord- 
ing to the lawB of diffusion. 

The amount of CO3 in the air expired by human beings 
is much larger : Yierordt * found 4'6 per cent. COj in the 
air normally expired, and 5'2 per cent, in that expired after 
a very deep inhalation. The presBure of carbonic acid in 
the arterial blood of human beings is not known. 

In the short time during which the blood flows through 
the capillaries of the lunge, the equalization of the difference 
in tension is accomplished with a completeness which is 
surprising. This phenomenon is explained if the extent of 
the surface be considered over which the interchange takes 
place. According to an approximate valuation of the anato- 
mist Huschke, the total inner surface of the human lungs 
amounts to 2000 square feet, and the whole of this vast 
surface is thickly interwoven with a network of capil- 
laries. 

The experiments made to estimate the pressure of carboniu 
acid in the tissues are attended with great difficulties. 
A priori, it must be assumed that the greatest pressure will 
be where the development of carbonic acid is most consider- 
able; therefore probably in the cells, in the muscular fibres. 
in all the active elements — in fact, wherever most kinetic 
energy is liberated. Now, the pressure of CO, cannot be 
directly estimated in the cells themselves ; an endeaTonr has 
therefore been made to estimate the partial pressure of this 
gas in the fluids which come most in contact with the cells, 
i.e, the lymph. It was imagined a priori that the lymph, 
which flows BO slowly round the cells, would be saturated far 
more completely with carbonic acid than the blood, which 
posses through the capillaries so rapidly. But, as a matter 
* Vienrdt, " Physiol, del Athmetu," p. 134 : Heidelberg, 184S. 
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(if fact, this is not so. Strassburg • fouad the tension of 
carbonic acid invariably less in the lymph than in venous 
blood. It thus appears that the stream of COj from the 
cells into the lymph does not simply follow the laws of 
lUffusion. Why does the bulk of it diffuse directly into the 
Mood ? The purpose is evident ; the carbonic acid reaches 
the ItingB most rapidly in thia manner. The oauBe, however, 
is not yet known. 

Strassburg has also estimated the tension of carbonic acid 
in dog's urine, and found it to be about 9 per cent, of an atmo- 
tsphere, and in the bile 7 per cent. Finally, he endeavoured 
to estimate it in the tissues of the intestinal wall, by Injecting 
atmospheric air into a ligatured coil of intestine of a living 
doy, and analyzing a sample of the air after from half an hour 
to three hours : he found from 7 to 9J per cent. COj. From 
those facts, it follows that the tension of carbonic acid is 
greater in the tissues than in the blood, which we should 
expect to be the case. 

But what would happen if an animal were brought into 
an atmosphere where the pressure of carbonic acid was 
ulready as great as in the venous blood ? The interchange 
of gases in the alveoli would be stopped, but only for an 
instant ; for the development of carbonic acid proceeds 
luuemittingly in the tissues. The amount of CO, rises 
above the normal both in the tissues and in the blood, and 
tliea it will again be given off by the walls of the alveoli, in 
consequence of the difference in tension which arises. 

But a retention of carbonic acid in the blood and in the 
tissues will occur much sooner, long before the amount of 
CO, in the inspired air is the same as that of the normal 
nheolar air. The smaller the difference of the tension of 
t-arbonio acid in venous blood and In the alveolar air, the 
more slowly will COj be given off from the blood to the 
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ftlveolar air, and the greater must be the retention of carbonic 
acid in the blood and in the tissues. 

The abnormally high tension of this gas in the tissues 
is the cause of disturbances, especially in certain parts of 
the central nervous system. The increasing partial pressurf 
of the carbonic acid acts above all on the respiratory centre, 
causing deeper respiration.* If the retention of carbonic 
acid be so great that the deeper respiration cannot overconif 
it, it acts also on other parts of the central nervous system, 
and the animals finally die with symptoms of narcosis. 

If animals be placed in an air-tight compartment, and 
be made to breathe an artifioial mixture of air rich in oxygen, 
they die of carbonic acid poisoning long before the partial 
pressure of the oxygen has sunk to normal.f 

If the volumes of the inspired and expired air in normal 
respiration be compared, the latter ia always found to be 
larger. The explanation is to be sought in the fact that the 
air has become warmer in the lung, and, owing to the tem- 
perature of the body, has been almost saturated with aqueouw 
vapour. The quantity of water which leaves the body in 
this way during the course of a day amounts to from 400 to 
800 grms. It varies with the dryness of the inspired air. 

But if, on the other hand, the volumes of the inspired and 
expired air be compared after deaiccation, and reduced to the 
same temperature and pressure, the volume of expired air is 
usually somewhat smaller. This is readily explained if wi- 
consider that, in the combustion of food-stuffs, it is only the 
carbohydrates which produce a volume of carbonic acid equal 

• An ftorouBt of the legulolion of reBpinition by the ncrvoos sjetem, niid the 
influsDoe ot the blood-gMWB in this proeeBS of regulatinn, dues not come within 
the provincB of phjsiologfonl oheniiatty. A criticol tiirvejf of Iho compreheoBivc 
literature on the subject ia giveti by Fr, Mieecher, Da Boia' Arch., p. 355: 
IS85. 

t Mailer. SilinngibtT. d. Akad. d. WiotnKh. m Wi"™-, Math. Nat. Claaw. 
lol. uiiii. p, 131), rl aeq. : 1159 ; P. Bert, " La ptCBBinn baromctliqUe," p. DH^f : 
P»riB. 1878 ; Fried! i>ti<iet and Heiter, Zcilichr. / phynol. Chem., vol. ii. p. Wi : 
1S78. 
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to that of the oxygen used up, the proteids and fats yielding 
a smaller one. 

The carbohydrates are known to contain exactly eo much 
oxygen as is requisite for the saturation of the hydrogen. 
If, therefore, the entire molecule hecomes oxidized to car- 
bonic acid and water, exactly two oxygen atoms must be 
taken up to every carbon atom. Two atoms — tliat is, one 
molecule of oxygen with one atom of carbon — form one mole- 
cule of carbonic acid. Now, it is well known that an equal 
number of molecules occupies an equal volume. Conse- 
quently, the volume of CO2 formed during the combustion of 
the earbohydratea must be equal to the volume of oxygen 
used up. 

The fats, on the other hand, contain fewer oxygen atoms 
than are necessary for the satiuration of the hydrogen atoms : 
in stearic acid (C„na,OM), only four of the thirty-six hydrogen 
atoms can be saturated by the oxygen present ; sixteen more 
atoms of the inspired oxygen must be used up in order 
to complete the combustion of the hydrogen, and these do 
not reappear in the expired air. Glycerin tCaH,Oi) also 
contains two atoms more hydrogen than are saturated by 
the oxygen present. Thus, for the complete combustion of 
the fats, far more oxygen must be taken up than is requisite 
for the combustion of their carbon ; and for this reason all 
the inspired oxygen does not reappear in the expired car- 
bonic acid. 

This is also the case with the proteids. One hundred 
grms. of proteid contain 7 grins, of hydrogen. In order to re- 
duce these to water by combustion, 7 X 8 = 56 grms. of oxygen 
are necessary. But 100 grms. of proteid matter contain at 
most 24 grms. of oxygen. Extra oxygen must, therefore, he 
inspired for the purpose of oxidizing the hydrogen, besides 
the' amount necessary for the oxidation of the carbon. Only 
the estimate is rendered more complicated with proteid, 
because hydrogen and oxygen atoms are also eliminated iu 
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the nitrogenous waste prodacte, and because oxygen is also 
used up in oxidizing the sulpliur. 

The proportion of the expired volume of carbonic acid 
to tlie inspired Tolume of oxygen ia termed the respiratory 
quotient. 

The carbohydrates preponderate in the diet of herbiTora. 
The reepiratory quotient in these cases is nearly equal to 1 . 
With carnivora, on the other hand, where the food is poor 
in oarbobydi'ates and rich in protoids and fats, the respiratD^^' 
quotient must be considerably leas than 1. It ia usually 
found to be about |. 

The respiratory quotient estimated from the constituents 
of food only agrees with that actually found * if the estimation- 
of the gases of respiration be carried out for some time, if 
possible for twenty-four hours. In short spaces of time, the 
proportion may he very materially altered, because the taking 
in of osj-gen and the giving out of carbonic acid do not occur 
simultaneously. A considerable part of the carbon may be 
Kplit off from the carbohydrates as carbonic acid without any 
oxygen being taken in, as we see ia alcoholic and butyric acid 
fermentation ; the by-products then formed, which are poor 
in oxygen, are oxydized later, after the COi previously given 
o£f has been espii-ed. In this way it may happen that the 

' A deBoripticiii and illoftrntiou of the a[ipiinitus ubfilI for tlio qtiintitutivt' 
rallmftle of tbe ititerch&nge of {;awia duria^ loagor perinds, and ospeaiallv of 
Itegnault's, Houet'ii, and I'otteQkori^r's TL-Bpiratory ap|iaratua, aru tii be fnoud iu 
etmj (WLt-book of phyaiolitgy. Any ono dusitoua of rBuding the originnl deicrip- 
lion by tlia anthorB, ii rererred to thu colebraled work of Be^oalt and RoUet in 
tbe Ann. cU Chim. et de phyi., t xivL i 1810; also under tb» leparatB title, 
" Bechercbeij thiniique* aur la rGnpiTatiou dim animuux doi iljveraei olaaaea : " 
Bttohcllier, 1S49 : traiutated in Liobig's Ann. d. Gkmn u. Pharm., ra\, UxJii. 
|ip. 92, 120, S5T ; laSO. The dMoriptinn of Pettenkofor's reBpiralor; ftppamtua 
is til be found in Liebig's An%. d. Chan. u. Pharot., vol. ii. p. 1. Suppl.: 11(62. 
Tliis appnretDB vsa apedalEy oonitrut'tcd for ^xperimoulB ou human belngi. 
Voit modified it tomewhat for inukUor animata. The eiaot illuslriitioQ and 
iluficriptiou aru given in ZsiUdir./. Biulitg,, vol. xi. p. 541 ; 1875. A niodiflcn- 
linn of Begnault'a und Beiact's sppnrulus fur oxamiDing the rcBpiratioD of 
ii(|natic animala wasdo»Yibedby Jolyet andBegnBrd inArdi. dephgiiol. normalt 
^patholcg.. tit. a. vol. it. p. U : 1877. 
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cspired volume of COj may for a time be ]arger than the 
iuspired oxygen volume, and the respiratory iiuotieat may be 
greater than 1. 

In herbivora.'it sometimcB happens that the whole volume 
(if C0~ expired in twenty-four hours is larger than the volume 
nf inspired oxygen. The following statement will esplain 
this. Vegetable food contains organic acida, which are 
richer in oxygen than the carbohydrates, and for this reason 
they use up, during their conversion into carbonic acid and 
water, a smaller volume of oxygen than that corresponding 
to the volume of carbonic acid formed. Tartaric acid with 
'2i vols, of oxygen gives 4 vols, of COi : CiHjOn + 50 = 
4C0a + 3H3O. But carbonic acid may be developed from 
another source without oxygen being taken up. The carbo- 
hydrates may undergo marsh-gas fermentation in the in- 
testine : CJI^Os = 3C0i + SCH,. The carbonic acid is 
nbsorbed from the intestine and breathed out from the 
lungs, but the marsh-gas remaina tinoxidized (vide below, 
pp. 805, 308). 

It is important to know all these conditions upon which 
the respiratory quotient depends. In the experiments on 
metabolism, the size of this quotient affords many indications 
from which the chemical processes in the tissues may be 
j udged. 

In speaking of respiration, we have hitherto meant only 
the respiration through the lungs. The question now remains 
for us to consider whether there is, in human beings, such a 
thing as cui^n'boub RKspiRATtoN. It undoubtedly exists among 
the lower animals, as well as among certain of the lower 
vertebrata. Among the amphibia, the interchange of gases 
goes on more extensively by means of the skin than by the 
lungs. This was known even to Spallanzani." He proved 
that many kinds of amphibia lived longer after extirpation 



• Spallanu 
ficQfcTe, 1803. 



■' M^nioirM tor la respiration, traduits par Senebiar," p, 73 : 
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of the InngB than after their skina were vamiahed over. 
There is, however, this objection to the above experiment, i.e. 
that the varnishing of the skiu would he prejudicial m another 
way. Spallanzaui'a esperiments have therefore been repeated 
with many alterations.* Fubini eBtimated the whole of the 
COj given out by normal frogs, and. on comparing it with 
that given out by frogs with their lungs extirpated, found that 
the latter was only a little less. To this esperiment the 
objection may also be raised, that after extirpation of the 
lungB the output of CO^ by the skin was no longer normal, 
but increased by vicarious activity. Ferd, EJug, therefore, 
constructed a special apparatus, in which the head and the 
body were each in separate compartments. The separation 
was effected by means of a lamina of indiarubber, through 
which the head was passed. The result of this esperiment 
was found to be that only a very small part of the COi was 
given out through the lungs. 

The moat exact estimatea on the output of CO, throngli 
the akin of human beings were made by H. Aubert.f The 
person experimented on sat naked in an air-tight box, the 
top of which was made of indiarubber. The head came out 
of 8 round hole in this covering, which fitted tightly round 
the neck, so that no air could get in. A stream of au- was 
now admitted into the enclosed space. The air had been 
previously freed from all carbonic acid, and on coming oat 
was passed through dasks containing baryta water. The 
experiment lasted for two hours. From the carbonic acid 
absorbed during this time by the solution of baryta, the 
quantity eliminated in twenty-four hours was estimated. 
Seven experiments showed that in twenty-four hours a man 
gives out by the skin a maximum of 6-3 grma., a minimum 
of 2*3, or an average of 3'9 grms. of carbonic acid. 

• Tide Fabini, Moleschott's Vnl.i. Naturlrhre, vol. sii. p. 100; 1878; ami 
Ferd. Ktug, Du Boii* Arclt., p. 183 : 1S84, ooDtuiDing kIso a critictl notico of 
tb« earlier litoralura. 

t U. Aubert, FflSeii'i Arek., toI. tJ. p. 539 : 1872. 
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This amount of COa is exceedingly small in comparison 
with that prooeedbg from the lungs, which in human beings 
amounts to from 800 to 1200 grma. in twenty-four hours. 
It is even doubtful whether the small quantity of COj found 
was really given off by the akin in the form of gas. It is 
possible that it arose from the decomposition of the secretions 
of the skin and of the cast-off epidermis. Still more dubious 
are the statements that small quantities of oxygen are taken 
up through the human skin. 

Until quite recently, it was believed that not only is 
carbonic acid given out through the skin, but also certain 
gaseous organic compounds of a more complex nature. This 
has been the explanation offered for the injurious effects of a 
great many people being shut up together in a small room. 
It was thought that these organic vapours have a very low 
tension; that the air soon reaches saturation as far as they 
are concerned, and cannot receive any more of them from 
the organism, unless it be rapidly changed and renewed. If 
these vapours, in however small a quantity, remain behind 
and collect in the body, they act on certain parts of the 
nervous system, and through these on the whole body, as 
easily as they do on our olfactory nerves when they have 
passed into the air, when they may even cause vomiting.* 

This idea of the injurious effects arising &om the sup- 
pressed action of the skin is as old as the history of medicine, 
and even up to the present time the pcrspirubile retcnUim 
plays an important part in the etiology of certain diseases. 
This idea induced Pettenkofer, in his researches on respira- 
tion, to abandon the method of Hegnault and Beiset, and to 
construct a new respiratory apparatus, in which a constant 
current of fresh air passed through the compartment that 
held the person or animal. Pettenkofer had found that when 
the proportion of COa had risen to 0"! per cent, in a room 
filled with people, the air began to smell, and that when it 
* FeHcDkofer, Liebig't Ann. d. Oum. u, FKarm,, vol. U. SuppL p. S : I8G2. 
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rose to 1 per cent., the air became almost unendurable. But 
if he developed carbonic acid in a room, by actiup on bicarbo- 
nate of sodium with sulphuric acid, until the CO3 in the air 
amounted to 1 per cent., he found that he could remain in 
this room quite comfortably for a considerable time. It is, 
therefore, not the carbonic acid itself that is the barmfnl 
product in so-called had air ; but, according to Pettenkofer, the 
COi is a measure of the injurious products of perspiration 
which are as yet unknown to us. 

All endeavours to discover what these harmful products 
of perspii'ation are have hitherto failed. The latest experi- 
ments were made by Hermans* in the Institute of Hygiene 
iu Amsterdam. A man was shut in an air-ttgbt tin case. 
A feeling of discomfort began when the COj in the air rose 
above 3 per cent., but dyspncea did not set iu till it had 
rearcbed 5'3 per cent. If the carbonic acid was dispersed 
by absorption, no inconvenience was oxperienced, even when 
the amount of oxygen in the box sank to 10 per cent. In 
order to discover the supposed organic products of perspiration, 
air was first passed through the case, and then through an 
absorption apparatus. When passed through titrated sul- 
phuric acid, the titre was always found to be unaltered. If 
the air was passed over red-hot oxide of copper, the amount 
of COj and of water did not increase. In the same way, the 
titre of a boiling acid or alkaline permanganate solution was 
found to be unchanged, even after many litres of the air taken 
from the case towards the end of the experiment, had been 
slowly passed through it. Neither did the condensed water, 
obtained from the issuing air after being cooled by ice, nor 
the condensed water from the sides of the case, alter the 
titre of the boiling permanganate solution. There was hkewise 
no disagreeable smell. The greatest care had been taken to 
Bee that the clothing and person of the man experimented 
upon were perfectly clean. Hermans, therefore, comes to the 
* Hvnuftiu, Arah. /■ Bt/giene, vol. i. p, 1 : 18B3, 
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conoIuBion tbat wlien bealthy people give out malodorous 
RubBtances in the atmoBphere, these come, not from normal 
perspiration, hut from the processes of decomposition caused 
by the dirty state of the body or clothes. 

The medical men who believe in the harmfulnese of the 
per»pirahile retentum, ground their belief on the following 
facts: (1) The injurious effect on animals whose skin has 
been rendered impervious to perspiration by varnishing ; and 
(2) the fatal effect of extensive burns of the skin. But these 
facts must be differently interpreted. 

The death of varnished animals may be explained by 
an increased loss of heat.* The varnishing appears to 
damage the vasomotor nerves: the cutaneous vessels be- 
come dilated, the surface of the body becomes warmer than 
it normally is, and the loss of heat is greater. In conse- 
quence of this, the temperature of the body sinks, and the 
animals die of cold. If an animal be only partially var- 
nished, it is found thftt the varnished parts are warmer than 
the rest of the skiu. A varnished animal gives out more hf^at 
in the calorimeter than a normal one does. If tho cooling 
be prevented by wrapping the varnished animal in wool, or 
by plaemg it in a warm place, it remains alive and does 
not become ill. Besides, only those animals fall ill, on 
being varnished, that have a delicate skin, and a surface 
that is large in proportion to their small weight, as, for 
instance, rabbits. Larger animals with a tough skin, such 
as dogs, remain perfectly well with their whole body varnished 
over. 

Senator,! in Berlin, even ventured to varnish human 
beings. He had two patients suffering from rheumatism, 
which ia often thought to be caused by the arrest of the 
action of the skin. Any interference with this action 
should therefore he attended with dire consequences. Th«- 

• LflBchkewitBch. Airh /. Anal. u. PAyiiui., p. 81 : 1868. 
t SemUa, Viiobow'i Areh^ vol. Ux. p, 182 : 1877. 
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extremitlefi of tbese patients were eiicaaed in stlcking-plaBter, 
and almost the whole trunk waa thickly painted with collo- 
dion, mixed with a little castor oil, to take off the harshnese. 
Only the skin of the head, neck, buttock, and geuitale re- 
mained free. One patient twice remained in this condition 
for twenty-four hours, the other for fully eight days ! The 
third experiment was made on a female patient with 
^hronic pemphignE. The whole body, and even the face. 
was tliickly covered with common tar, and the head, which 
had been shaven, with oleum rusci. * This air-tight covering 
waa not removed for ten days, but no injurious consequences 
occurred in any of the three cases. 

Finally, as regards the fatal effect of extonsive boms on 
the skin, there may be other explanations than that of the 
perapirabUe retentuni; in fact, in recent times many others 
have been attempted. We know that even a moderate rise 
of temperature will alter and destroy the blood-corpuscles.t 
This led to the supposition that the blood-cella which pass 
through the capillaries of the akin during a burn become 
destroyed by the higher temperature, and that their de- 
composition-products indirectly cause the symptoms which 
ensue. And, in fact, a constituent of the corpuscles, the 
hsmoglobin, was found in the plasma of the blood after a 
bum, and the heemoglobin, or a derivative, was found in the 
urine. t According to Hoppe-Seyler's § and Tappeiner's || in- 



* Oleum TQBci sire pix betiilimum sire oleiim botulia cmpyreumaticum, is & 
Urry produot obtained rrom all patU of the birch trao, and in great (tivour u ■ 
popular remedy lor nil kindf of diseiwce in Poland aud Etuaaia. It is also em- 
planed in tbe bbricalino or (.-erlnin liqueurs, unJ eapocifillf in the preparation of 
Busman leather, to wliiab it imparts its uharacleriBtio odour (eeo Dr. Uiger*! 
"HMliIbiiob der phancacflutisclien Fraxie:" Berlia, ISaO; imd tbe Vnitad 
Slala Dupenmrn : 18a3>— Ed. 

t Wax8cballte,ATeh.f.mik.Anat.,voli.p.26: I8G5. 

i Wertheim, WUaer m-td. Prate. No. 13: ISCS; FoaSok, Berl. kUn. Wo- 
c&5BKAr„No.l8: 1877; CentTolb. /. d. m»d. Wi»en>ch..iioa. U. 16: 1880; Vun 
Lencr, Virohow'g Arek., vol. liiii, p. 248 : 1880. 

% Uoppe-Seylor, ZeiUchr./. phfiol. Cliem., vol. t. pp. 1, 3U : 1381. 

n Tsppeioer, Cenlnlb.f. d. med, Winenteh., vol. zix. pp. 3SS, 401 : 18St. 
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vestigations, however, the amount of bamoglobin in the 
Mood-plasma after burns is very slight, and was even en- 
tirely absent in one case which ended fatally. Neither 
it nor its derivatives invariably occur in the urine. On 
the other hand, the following fact observed by Tappeiner 
ia very interesting: be found the blood of patients with es- 
tensive skin -bar ns to be much richer in corpuscles and 
poorer in plasma than normal blood. This thickening of 
the blood is accounted for by the transudation of lymph at 
the burnt places, and is, perhaps, the primary cause of all the 
Kymptoms and of death. 

We thus see that there is no real ground for assuming 
that any gaseous products are excreted by the human skin. 
Our knowledge of the chemistry of cutaneous action is alto- 
gether very limited. Nothing certain is known concerning 
the chemical composition of perspiration,* and there is at 
present no reason for considering this secretion to have any 
other use than that of the purely phjeieal action in regulating 
the temperature of the body. The evaporation of water on 
the surface of the body is the most effectual means of coohng 
it. It must not be forgotten what an enormous amount 
of heat becomes latent when water passes from the liquid 
to the gaseous state. The secretion of perspiration is 
entirely absent in many animals, as in the ^og- &iid is 
replaced by a more copious evaporation from the surface of 
the lungs. 

Before concluding the chapter on respiration and the 
behaviour of gases in the body, we must consider the gases 
which occur in the alimentary canal, their origin, and their 
behaviour under physiological and pathological conditions. 

The G4SE9 in the alimentary canal arise from four sources : 

* Vide O. Fuoke, Molewhott'a Valer. t. NalurJebre d. Mentnhea u. der Thim. 
vol. It. p. 36 : 1858 : aod W. I*ube, ■* Uul)er den Auliigouiamua Bwischoii H«rn- 
iind EchweiMsonitioD and detaen tlierapeutiaclie fiedeuliiag." DeuUrh. Arfh. /. 
klia. Had., vol. viL p. I: ISTO. An account of tlis preiioiu literature u alio 
given. 
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(I) Atmospheric air is continually being swallowed with I 
Baliva, with food and drink ; part of it escapes again by 
the cesophagus, but the rest passes into the intestine; (2) 
gases arise by fermentative processes in the contents of the 
stomach and intestine; (3) gases diffuse from the tissues 
of the intestinal wall into the intestine ; and (i) COi is 
liberated when the eodium carbonate of the inteetinol juice 
is neutralised. 

The following gases have, up to the present, been detected 
in the alimentary canal of human beings and of mammals : * 
0, N, CO), H, CH,, and H,S. 

Oxygen reaches the alimentary canal only by the air that 
is swallowed, and disappears almost entirely in the stomach, 
partly by uniting with the reducing substances which proceed 
from the fermentative processes already set up in the 
stomach, and especially with the nascent hydrogen arising 
from butyric acid fermentation, and partly by diffusion into 
thfl tisBUea of the gastric wall. Traces of oxygen could still 
be found in the gases obtained from the upper portion of the 
intestine, but none in that from the lower parts. Planer in- 
jected atmospheric air into a ligatured small intestine of ii, 
living dog, and even after one and a half hours, half of the 
oxygen had disappeared from the air, and had been replaced 
by carbonic acid. In the case of a few fish, the diffusion of 
the atmospheric oxygen swallowed by them, through the walls 
of the alimentary canal, plays an important part in the process 
of respiration. t 

Nitrogen also reaches the alimentary canal with the air 
swallowed, but does not diffuse into the tissues of the intestinal 

■ Planer, SOmigAtr. d. k. Akad. d. W. ru Wien., vol. xlli. p. 307: IStXI; 
E. Buge, ibid., vol. ilix. p.739: 38t;2; 0. B. Hormnao, Wienermtd. Wocknuchr.. 
1872 ; Tappt'iner, ZriUehr. f. phutiot. Clum., toI. »i. p. 432 : 1S82; ZeUtdir. f. 
fiuilnjr., vol. zix. p. 228: 1883; and vol. ix. p. 52: 1S81; F. ILnVe. Arltit. a. d, 
fatlwk. Intt. t. VflncAtfn.edil. by Bolliger, pp, 2\5,nG: I88& 

t Ermua, Ann. if. Fhs-ik., vol. iix. p. IIS: 1803; La^dig. Ardi./. Anal. u. 
J'jkyiiil,, p. S : 18S3; Baumert, " ChvmiBclie Uutonucbimg iibet dio Bcaplralion 
det Siiklawiupoi(Kip;n : " Btulau, 1S35. 
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wall, becanee the partial pressure of the nitrogen is very 
nearly the Bame in this latter as in atmospbteric air. It 
miist, on the contrtury, be assumed that nitrogen diffuses out 
of the tissues of the intestinal wall into the intestine. This 
occurs in the lower portion of the intestine, in proportion as 
other gases are developed by fermentation and the partial 
pressure of the nitrogen sinks. The intestinal gases, as a 
matter of fact, always contain au abundance of nitrogen. 

Hydrogen is formed in large quantities by fermentative 
processes, and especially, together with COa, in butyric 
acid fermentation. This latter form of fermentation can 
always be detected in the contents of the large and email 
intestine.* As already mentioned (p. 192), marsb-gas arises, 
with carbonic acid, by the decomposition of cellulose. But 
these are not the only two processes of fermentation by 
which COi, H, and CH4 are formed in the intestine. Buge 
found marsh-gas in the gases of the colon of living people, 
even after a diet exclusively composed of meat; and Tap- 
peiner found abundance of marsh-gas and hydrogen in the 
gases of pigs' colons, which had been fed for three weeks 
entirely on meat. These gases proceed not only from the 
decomposition of carbohydi'ates, but also of proteids. Kunket f 
found that the gases produced by artificial pancreatic 
digestion, witliout excluding the fermentative organisms, con- 
tained as much as 60 per cent. H, and 1'6 per cent marsh-gas; 
and Tappeinert showed that sterilized solutions of common 
salt with peptone and fibrin, when mixed with a little of 
the intestinal contents, developed a mixture of gases which 
contained as much as 40 per cent. H, and as much as Id 
per cent. CH,. It is noteworthy that in one of these experi- 
ments. Tappeiner produced from a solution of peptone a 
mixture of gases which contained 99"65 per cent. CO3, as 

* Comp&re Rubutir, Zeitichr. f. Biotog., vol. lii. p. 84, at teq, : 1883. 

t Kuukel, Va-hiatiU. d. phi/iik.-Bud. Gtiellieh. Jii Wunburg. iV. F., vol. vJiL 
p. IB* : 1874. 

* Tuppciaer, " Arb. a. d. pntbolog. lait. in Miiuoben," vol i. p. 218 : 1S36. 
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well aa 0'14 H and 0-21 ClU. In the intestine, fermentations 

appear to go on in which carbonic acid alone, without any 
other gas, is developed from proteid. 

Besides this, carbonic acid is developed in large quantity 
through the neutralization of the acid chyme by the sodium 
carbonate of the intestinal juice. If we may asHume for 
linman beings the same proportion of hydrochloric acid in the 
gastric juice which was found by Carl Schmidt in the dog. 
it would appear that 6 htres of COj are daily liberated in 
our intestine, by neutralization of the hydrochloric acid. We 
liave to add the still larger quantity which is set free by the 
neutralization of lactic and butyric aeids, which are constantly 
formed in the intestine from the carbohydrates of food. Still, 
we are not inconvenienced by these large volumes of CO^, for 
the co-efficient of absorption of carbonic acid is very high, 
n.nd the partial pressure of CO, in the intestinal walls is 
scarcely ever higher than 10 per cent, of an atmosphere. 
Tlierefore, aa Boon as the howel contains more than 10 per 
cent, of COi, diffusion into the blood must commence. The 
proportion of carbonic acid in intestinal gases \s commonly 
from 20 to 50 per cent., and more. It follows that there is 
constantly an active current of carbonic acid from the 
intestine into the blood. The COj developed in the howel is 
exhaled by the lung. 

On the other hand, hydrogen may give rise to much dis- 
comfort, owing to its very low co-efficient of absorption. It 
follows that patients suffering from chronic dyspepsia, and 
disposed to flatulence, must be estremoly careful to avoid such 
articles of diet as tend to a butyric fermentation. According 
to the observations of Huge and Tappeiner, milk appears 
to be especially injurious in this respect. The experience of 
many patients coincides with this view. In the same way, 
starchy foods, which are hard to digest, are to be avoided. 
Iiecause they convey large quantities of carbohydrates into 
the lower portion of the small intestine, the alkalinity of 
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wlticb eneourftgee batyric fermentation. It would be wise to 
iidmiuiBter carbohydrates in the form of boiled fruits, because 
we thuB convey with them acids into the bowels, and because 
tbe acids thus prevent butyric fermentation. There are 
many patients with whom ca reals, the leguminoss, and 
potatoes disagree, but who are still able to take stewed fruits 
with rice, which is easily digested, and which is manifestly 
almost entirely absorbed in the upper part of the bowel. 

The following table gives the co-efficients of absorption of 
the intestinal gases, They have been determined by Bunsen 
at a temperature of 15° C. It is to be regretted tiiat they 
have not also been determined for the body-temperature. 

Nitroften O'0H78 i CH, 0-03909 

Hydrogen 001030 I CO, 10020 

Oiygen 00:;989 I H,8 32328 



The quantity of sulphuretted hydrogen contained in the 

intestinal gases is very email, and cannot be quantitatively 
determined. It ie, however, conceivable that the quantity 
developed in the bowel is sometimes larger than might be 
hupposed from the small amount contained in the intestinal 
gases. "We must not forget how high the co-efficient of 
iibsorption of sulphuretted hydrogen is, being one hundred 
times higher than that of osygen, which is so easily 
diffusible. Sulphuretted hydrogen, in proportion as it is set 
free, must at once diffuse into tbe blood. Planer injected 
into the rectum of dogs, sulphuretted hydrogen diluted with 
hydrogen, and observed toxic symptoms within one or two 
minutes. When, in certain processes of disease, abuormal 
decomposition takes place in the contents of the bowel, it is 
jxissible that a large quantity of sulphuretted hydrogen 
may be developed. In the artificial digestion of fibrin by 
piincreatic juice, without excluding bacteria, Kunkel found that 
tlie gases contained as much as 1-9 per cent, of Ii,S. It is 
possible that in the headache, vertigo, and nausea frequently 
accompanying gastric and intestinal catarrh and persistent 
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constipation, poisoning by eulphuretted hydrogen plays a 
part. Senator ■ communicates the following case, which he 
regards as undoubtedly one of poisoning by sulphuretted 
hydrogen. He succeeded in finding sulphuretted hydrogen 
in the urine of a patient suffering from acute intestinal 
catarrh, as it distinctly gave a brown colour to a visiting- 
card, which contained lead. The eructations of the patient 
caused a distinct odour of sulphuretted hydrogen. He also 
had repeated attacks of vertigo, accompanied hy epigastric 
oppression and a dark complexion. It is stated that persons 
engaged in the emptying of cesspools, and exposed to sul- 
phuretted hydrogen gas, have experienced similar symptoms. 

We have little certain knowledge as yet as to what 
liecomes of the absorbed hydrogen and marsh-gas. They 
either become oxidized, or reappear in the exhaled air. An 
experiment made in Zuntz's t laboratory in Berlin, with a 
tracheotomized rabbit, showed that the air exhaled hy these 
animals invariably contains hydrogen, and generally mareh- 
gas as well — to a greater extent even than the gases voided 
(luring the same period per anum. It has not yet been 
determined whether all hydrogen and all marsh-gas which 
are absorbed from the intestine reappear in the expired air, 
or whether a part is oxidized in the body. The decision of 
this question would be of great interest for the theory of 
internal respiration (compare pp. 271-277). 

The quantitative composition of intestinal gases necessarily 
varies greatly according to the diet and the condition of the 
entire digestive apparatus, and especially according to the ex- 
tent to which fermentation can be resisted. Thus, for instance, 
Jtuge found in the intestinal gases of the same person : — 

• Senator, Baiia. klin. W-^ehenieh, Jahrg, V. p. 254: 1868. 

t B. Taoke, " Uebor die Btdeulung der bronobBroD Gase im thieriEchoD 
OTKaoiiniiu," Innng. Diuert.: BccHii, 1SH4. Also Ber. d. dmtteh. ehem. 
a*r^ vol. E>u. p. IS27: 1884. 
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Oxygen 

Nitrogen 

Hydrogen 

CO, .. .. .. 

H^S 



After milk diet. 



36-71 
54-23 

9-06 



Alter foor days' 

diet of legnmlnoen 

only. 



18-96 
403 
55-94 
21-05 
Trace 



After three daye* 
diet of mtftt only. 



64-41 
0-69 

26-45 
845 



Tappeiner * found that the gases removed half an hour after 
death from the corpse of a man who had been executed, 
exhibited the following composition : — 





Stoniftcb. 


Ileam. 


Colon. 


Rectam. 


Oxygen 

Nitrogen 

Hydrogen 

CH^ . . . • . . 

CO, 


919\ 
74-26/ 
008 
0-16 
16-31 


67-71 
3-89 

28-4 


7-46 

0-46 

006 

91-92 


6276 

0-9 
36-4 



* Tappeiner, '* Arb. a. d. patholog. Inst, in Miinchen," yol. i. p. 226 : 1886. 
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LECTURE XVI. 

THE NITROGENOUS PRODUCTS OF METABOLISM. 

The examination of the processes of respiration has shown 
us that the bulk of carbon is eliminated from our body by 
the lungs as carbonic acid. The remainder of the carbon 
takes a different course. It quits our body in combination 
with the bulk of the nitrogen, in the form of a series of 
combinations very rich in nitrogen, through the kidneys. 
Among these nitrogenous products, the chief in man are urea, 
uric acid, hippuric acid, creatin, and creatinin. A con- 
siderable portion of nitrogen appears in urine in the form of 
an inorganic combination as a salt of ammonia. 

We will now pursue the origin of these products in the 
animal body as far as the present state of our knowledge 
permits. We will begin with hippuric acid, because iho 
origin of this combination has been more carefully studied 
and is better kno\vn than that of any of the other nitrogenous 
products. The constitution of hippuric acid is accurately 
known. The following mode of preparation makes it very 
clear : — 

CyH^ - CO - N<^ +CH2CI - COOH = 
Benzamide. Monochloracetic acid. 

CgHs - CO - N^Qjj2 . COOH """^^ 
Hippuric acid. 

If we boil hippuric acid with strong mineral acids, or with 
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alkalies, or subject it to the action of ferments, it splits up 
with bydratioQ into beozoic acid and glycocoll. 



Hippurie acid. 
CgHj - COOH + H 
Benzoic acid. 



■ COOH "*" ^3*^ = 



-N> 



■H 



^^\CHa - COOH 
Glycocoll. 

Hippurie acid is again formed, with dehydration, from these 
two products of decomposition, if they are allowed to act 
upon one another at a high temperature and under increased 
pressure. To effect this, they are inserted dry into a glaee 
tube, the ends of which are fused, and the tube ia kept at a 
temperature of 100' C, for twelve hours," 

Hippmic acid is also formed in the animal body by tbn 
combination of benzoic acid and glycocoll. If benzoic acid is 
introduced into the stomach of an animal or a human being. 
it reappears as hippurie acid in the nrine. Doubtless the 
glycocoll used in its formation arises from the decomposition 
of the albuminous tissues. Free glycocoll has certainly not ^ 
as yet been proved to exist in animals. As little are we able 
to obtain it by the artificial decomposition of albumen, but wl- 
know that the immediate derivatives of albumen, tho col- 
lagenous substances, when decomposed either by ferments, by 
acids, or by alkalies, readily yield glycocoll. In combination 
with an acid, glycocoll also appears, as we have seen, in bile. 
as glycooholic acid. 

Hippurie acid is also constantly found in the urine of the 
herbivora, without the artiticial administration of benzoic 
acid. The numerous aromatic combinations which are con- 
tained in the tissues of plants, and which in the animal body 
are converted by oudation into benzoic acid (comp. p. 280), 
evidently yield the material for its formation. However, small 
quantities of hippurie acid may be found in the urine of dogs 
* Dcastugon, Journ. pharn. vol. xxiii. p. 41: 1857. 
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fed only npon flesh, and also during inanition.' In tluE case 
the benzoic acid is formed from the aromatic radicals, which 
are contained in the proteid molecule,! 

The amount of hippuric acid contained in the m-ine of 
man in twenty-four hours, is generaUy less than 1 grm. ; 
but after the consumption of certain berries and fruits, it 
amounts to several grammes. 

The fact that benzoic acid introduced into the stomach 
reappears aa hippuric aeid in the urine was discovered as 
early as 1824, by WoUIer.J This diecovery was afterwards 
confirmed by numerous experiments, and excited some atten- 
j tion, for it was the first synthetic process which was proved 
I to occur in the animal body. Since then, a long series of 
other syntheses have been discovered in the animal body. I 
need only remind my readers of the formation of the conju- 
gated sulphuric acids and glycurouic acids, and of the forma- 
tion of glycogen from sugar. It is probable that the formation 
of albumen from peptone belongs to this category. "We shall 
soon become acquainted with other synthetic processes. 

There are two reasons why these synthetic processes in 
the animal body have excited the interest of physiologists and 
chemists during the last twenty years: in the lirst place, these 
facts were in contradiction to the dominant doctrine of Liebig 
with regard to the universal contrast between the processes 
of tissue-change in plants and in animals ; in the second 
place, the syntheses in animals are an unsolved problem 
to chemists, although it is the rapid progress in our know- 
ledge of the Byntheses of organic combinations which consti- 
tutes the greatest triumph of modern chemistry. We are 

■ K 8&llinwBki. B»t. d. dtutteh. ehcin. Ge»., vol. si. p. 500; 1878. 

t K. Diid H. Bnlkowiki, ibid., vol. xil. pp. 107. 6*8. 653 : 1879; ZeiUfhr. f. 
pLUfiol. Chrm., vol. riL p. 161 ; 1882; E, Sulkowtki. Zrittehr. /. phgriol. Chem.. 
vnl. ii. p. 229; 1885. Compare slso Tappeiner, ZeiUthr. f. Biotog^ vol. nii. p. 
2:ili: 1886: BDdR. Bsaa. ZeiUchr. /. phytiol. Chem.,vol xi. p. 485; 1887. 

X BfinelitiB, " Lehrbni^h dcr Chemiu," tiunilated b? WSIilet, vol. iv. p. STfij 
AuQQ. Dreaden, 1831. 
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already able artificially to bnild Dp, atom for atom, out 
of their tilementB, a aeries of orgaoio compoUDds, eome of a 
Tery complicated character. We no longer doubt that all the 
rest, eyea the most complex, will be thus produced; it is 
merely a question of time. Still, this in no way represents 
the synthetic proeessea in the living cell, for all our artificial 
ayntbeBes can only be achieved by the application of forces 
and agents which can never play a part in vital processes, 
Buch as extreme pressure, high temperature, concentrated 
mineral acids, free chlorine — factors which are immediately 
fatal to a living cell. 

Thus we have seen that the artificial synthesis of benzoic 
acid and glycocoU to hippuric acid could only be induced by 
heating both substances in a dry condition, in a closed tube, 
to a temperature of 160" C. This implies extreme pressure, 
extreme temperature, and absence of water. The very reverse 
is the case in the animal body, where we find water in every „ 
, tissue, and the ordinary atmospheric pressure and temperature ^ 
in every cell. Even cold-blooded animals form hippuric acid. 
It follows that the animal body has command of ways and 
means of a totally different character, by which the same 
object is gained. An inquiry into these would be of extreme 
interest to the chemist aud to the physioIogiFit ; the former 
would thus obtain new methods for rising to still more com- 
plicated combinations, and the physiologist would be enabled 
to explain many of the most obscure processes in metabolism. 

For this reason, Schmiedeberg aud I conjointly * resolved 
to study the conditions under which the synthesis of hippuric 
acid takes place in the animal body. 

In order to be able to trace benzoic and hippuric acids 
through the tissues of the animal body, we required, above all, 
ft precise method for their discovery and determination. This 
we succeeded in obtaining after many experiments. We now 

i. p, 233 ; 
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possess a method * which enables ub to separate these acids 
from all other elements of the animal body, and to weigh 
them in a pure crystalline form, without any appreciable loss. 

We had nest to determine in what organs and in what 
tissues the synthesis takes place. We naturally thought first 
of the liver. It is known that here another acid, conjugated 
with glycocoll (glycocholtc acid), is formed; besides, synthetic 
processes have often been assigned to the liver. If this view 
is correct, the removal of the liver must cause the benzoic 
acid introduced into the blood to circulate unaltered in it, and 
to pass out by the kidneys unchanged. 

This experiment could not he carried out in mammals, 
because, after ligature of the hepatic vessels, the bulk of the 
blood accumulates in the portal system, and the circulation 
iu the other organs is almost entirely arrested. Doga dtu 
from thirty to fifty minutes after this operation. It may bo 
I said that they begin to die as soon as the portal vein is tied. 

We therefore instituted our experiments in frogs. They 
bear the extirpation of the Uver very well, surviving tbt> 
operation for three or four days. They run about during this 
time with almost undiminished vigour. If we introduced 
benzoic acid into the dorsal lymphatic aao, the frogs invariably 
formed hippuric acid, which was more copious when, iu 
addition to benzoic acid, glycocoll was injected. Unless 
benzoic acid was injected, no trace of hippuric acid was ever 
to be found in the tisBues or in the secretions of the frog. It 
follows of necessity that the liver is not the locaHty, at all 
events not the exclusive locality, for the formation of hippuric 
acid. 

We then thought that the synthesis might possibly occur 
in the kidney. In order to decide this, it was necessary to 
have recourse to warm-blooded animals. Dogs survive the 
ligature of the vessels of both kidneys for several hours, 
and the circulation in then* other organs is not materially 
• Tlie method is desotibed, foe, dl., pp. 234 -233. 
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affected. We injected glycocoil and benzoic acid into the 
blood of dogs thuB operated upon, bled tbem to death after 
three or four hours, and examined the blood of the liver 
and muscles for hippurie acid without ever finding a trace of 
it ; we only found benzoic acid. It therefore appears that 
all the other organs together cannot, without the kidneys, ' 
combine gljcocoU and benzoic acid, and that the kidney in i 
the locality in which the synthesis is performed. 

A sceptical critic will not be satisHed with this conclusion. 
There is still room for objection. The ligature of the kidueya 
may be regarded as so violent an operation as to produce 
direct and indirect disturbances of all kinds in all parts of the 
organism. We must, therefore, admit the possibility that 
diBturbanoes maybe produced in tissues with which we are as 
yet unacquainted, and in which the synthesis is effected. 

The hope remained that if we could show that the kidney, 
separated from other organs, was able to produce the synthesis 
by itself, we should bo in a position to prove that the forma- 
tion of hippuric acid took place in that organ. This hope 
was realized. We bled a dog to death, removed the kidneys, 
added glycocoil and benzoic acid to the defibrinated blood, 
and conveyed it, under an approximately normal pressure, 
through the artery, and allowed it to flow oat of the veins of 
one of the kidneys. The blood that passed out of the veins 
was returned to the reservoir, from which it re-entered the 
artery; and this process was continued for several hours. 
Hippuric acid was invariably found in the blood after its 
passage through the kidney, and in the fluid which, during 
its passage, escaped by the ureter. But in the other kidney, 
and in a portion of the blood which had not traversed the 
kidney, no trace of hippuric acid could at any time be dis- 
covered. It follows that hippmic acid was formed in the 
excised kidney.* 

* Wilh. Kucha liiu panGrmed the«e reniKs bj b series of careful eiperimeiils 
in l-flager'i laboratory (PllUser's Anh.. vol. »i. p. M : 1879). 
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If we added benzoic acid without glycoeoU to the blood 
that was passed through the kidney, the quautity of hippuric 
acid formed was small ; but it was considerable when glycocoll 
was mixed with it. As a matter of fact, the two ingredients 
bad entered into combination, with separation of water. It 
was indifferent whether we raised the temperature of the 
kidney and the blood to the temperature of the body, or 
cooled it to that of the room. In either case the synthesis 
was effected. It was remarkable how long the excised kidney 
retained the faculty of generating hippuric acid. In one 
of our experiments we allowed the kidney to remain for 
forty-eight hours in an ice-chest. We passed the blood of 
another dog through it, which had been obtained twenty-four 
hours previously ; nevertheless some hippuric acid was formed. 

We now inquired whether the living tissue of the kidney is 
essential for the synthesis. Does the result depend upon the 
formed elements and upon a deOnite histological arrangement, 
or is this function of the kidney only due to its containing 
certain chemical substances f In the latter case, it might be 
possible to isolate these -substances, and then to effect the 
synthesis artificially. 

Accordingly, we destroyed the renal tissue. We chopped 
up the kidney and pounded it into a homogeneous pulp. To 
this we added blood, glycocoll, and benzoic acid, and allowed 
the mixture to stand, shaking it at frequent intervals. We 
varied the experiment, applied different temperatures, provided 
a copious supply of oxygen, but we never succeeded in finding 
a trace of hippuric acid. 

This experiment was repeated in Pfliiger'a laboratory by 
Kocha.* When the kidney had only been chopped up, Kochs 
discovered minute traces of hippuric acid, but if it had been 
not only chopped up, but also rubbed up "in a mortar with 
large pieces of glass" to an almost homogeneous mass, not 
a trace of hippuric acid was to be found ; nor was it met with 

• WilhelfD Kocb«, lac. oil., p. 70, et leq. 
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when the kidney, before being chopped up, had been frozen 
at - 20° C, and thawed at 40°. 

These experiments appear to prove that the synthesia is 
due to the living celia of the kidney, and not to one of its 
chemical components. 

We now inquired whether the blood-corpuscleB are essential 
for the production of the synthesis. We therefore conducted 
serum which had been deprived of all cells by the centrifugal 
machine, together with glycocoU and benzoic acid, through 
the excised kidney. In this case no hippuric acid was 
formed. It follows that the blood- corpuscles alao take an 
active part in the synthesia. 

We now proceeded to inquire into the part played by 
the blood-cells in this process, and to determine whether they 
only act as oxygen-carriers ? 

In order to decide this question, Schmiedeberg and Arthur 
Hoffman' conducted blood mixed with glycocoll and benzoic 
acid, and in which the oxygen had been replaced by carbonie 
oxide, through the kidneys. The result was that no hippuric 
acid was formed. The blood-cells, therefore, also act as 
oxygen-carriers in the synthetic process, but whether they 
have only this function remains uncertain. It may be objected 
that the carbonic oxide, besides driving out the oxygen, has 
a toxic effect on the renal cells. The following experiment 
of Schmiedeberg and Hoffmann goes to prove that certain 
poisons do deprive the cells of the power of effecting syntheses. 
They conducted blood, to which, besides glycocoll and benzoic 
acid, quinine had been added, through the kidneys. Only 
a very small quantity of hippuric acid was subsequently 
found. It is known, from the investigations of C, Binz.t that 
quinine arrests the amceboid movements of the cells. The 
same inSuence that kills the cell likewise deprives it of the 
capabiUty of bringing about syntheses. Here again we are 

• Arthur Hoffman, Areh. /. riper. Path. u. Pharm.. vol. rii. p. 239 : 1877. 
t C. Bini, Jrch./. mlkr. AnaL, »ol. iii. p. 883: 1867. 
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confronted with tbe old problem, the life of the cell, i 
of whose meaniug no one has any conception. 

And such has hitherto been the case in every physiological 
iuTestigation. The more closely we regard any problem of 
life, the more it seems to recede into obscurity. The mystery 
is still unsolved when we come to the microscopic cell, 
which may be regarded as the limit of histological inquiry. 
The most simple cell has all the essential functions of life — 
nutrition, growth, propagation, movement, sensation ; it haa 
also those incomprehensible qualities which bring about 
synthesis in the organism (vule. supra, pp. 3-(i, 8-11, 108, 
164, 174 ; and infra Lecture XVII.). 

"With regard to the locality where hippuric acid is formed 
in the animal body, I would add that its exclusive formation 
in the kidney is only proven in the case of the dog. 
Schmiedeberg and I have already shown that frogs form 
hippuric acid even after extirpation of the kidney. Salomon * 
discovered siibsequelltly that certain mammals do not form 
hippuric acid exclusively in the kidney. Salomon, after giving 
benzoic actd to rabbits which had been deprived of their 
kidneys, found abundant hippuric acid in their blood, muscles, 
and liver. 

But, as already mentioned, a very inconsiderable portion 
of the nitrogen in human beings is eliminated as hippuric 
acid. The bulk of it, in man and mammals, appears in the 
urine as urea. The amount of urea excreted is therefore 
regarded as a standard of the consumption of proteid in the 
body. The greater portion of nitrogen is introduced in the 
form of proteid. Nearly half the weight of urea consists of 
nitrogen. The 100 grms. of proteid daily used up by one 
person contain about 16 grms. of nitrogen, to which 34 grms. 
of urea correspond. This is about the quantity found in a 
man's urine during twenty-four hours. 

The constitution of urea is known. Its formation from 
* Salomon, Zeiltdir./, phj/riol. Chem., vol, iiL p. 365. 
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carboxyl chloride (COCy and ammoQia, as ■well as from 
utbyl carbonate and ammonia, undoubtedly shows that urea 
should be regarded aa the amide of carbonic acid, carbamide 
[CO(HN„)a]. On heating with acids or alkalies or by the 
action of ferments, urea passes into carbonate of ammonia, 
Kimultaneously taking up two molecules of water. Urea is a 
neutral compound, capable of crystallization and very readily 
soluble in water. 

How does urea arise from proteid, and what are the inter- 
mediate stages? A recapitulation of our previous remarks 
on the changes of proteid in the body may not be out of place 
here. It was shown that proteid was converted by the diges- 
tive ferments into peptones; that the peptones are probably 
products of decomposition ; and that, by continued action of 
the digestive ferments, or of other ferments of decomposition, 
a part of the nitrogen is split off in the form of amido-acids, 
as amido-caproic acid or leucin [CiH,o(NHa)COOH], as tyrosin, 

an aromatic amido-acid f CeH* \ r-a /jijtt \pnnTT J' ""^^ ''^ 
amido-Buccmic acid, or aspartic acid* [CiH3(NH,)(C00H),]. 
The proteids also give the same products of decomposition 
on boiling with acids or with alkalies-t We have, moreover, 
seen that a portion of the albumen is converted in the 
animal body into collagenous substances, which, under the 
same conditions as the proteids, produce amido-acids, and 
especially leucin and glycocoll.J 



* Badxiejewski nnd B. BalkoKiki, Bar. d. dculiA. gftem. Gat,, Tot. vii. p. 
IO50 ; 1874 ; W. von Kabrioni. TkiUehr. /. BlUog.. vol. i. p. IBS ; J87S. 

t Hlaaiwotz nod UahermuiiD, Anii. d. CIttm. u. Pbana., vol. cliii. p. ISO : 
187S; K. Bohulie, J. Bnrbieri unU E. Bossnrd, ZdUehr. /. phyiiol. Chem., vol. ii. 
]>. G3 ; 1884 ; K Schalze und £. BoEHird iu wrue jouinal, vol. \. |i. 131 : 1SS5 ; 
M. P. Schutzeiiberger, BM. de la SocifU thim., w\. uiii. pp. Itil. J93, 216, £42, 
HS5,433; vol. xiiv. pp. 3, 145: 1879; vnl. ixt. p. 147: 1870; ScliUUunborgHi 
nl A. Bollrgeoi^ Cunyil. fmi, vol. liixii. p. S62 ; 1876. Compore also R. Mnly, 
Sitiungttrr. d. k. Ahad. d. W. in Wieti., Mnth. obI: CI., vol. id. purl ii., Fet. 
1889; vol. lovii. part ii., Harali. 1888: and vol. idc. part ii.. Jan. 1889. 

X Nesokl. " Ue)>er die Zeraetzunf- Act Gclutine und dee EtwuUiei bei dot 
Fauluiaa mil Paukreui" Berlin, 187IJ. 
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These facts led to the suppoeition that the amido-aclda 
were the precursors of urea. Schultzen and Nencki * proved 
its correctueas by the following experimeiitB : they ad- 
ministered glycocoll to dogs, and found that these compounds 
did not reappear in the urine, but tljat there waa a corre- 
sponding increase of urea. Salkow8ki,t on repeating these 
experiments, folly confirmed these results. Knieriem t showed, 
by a similar method of research, that aspartio acid is also 
converted into urea. 

But even these facta tend but little to the elucidation of 
the origin of urea. It is only the smallest part of urea which 
can be formed from amido-aeids. This is seen by a glance 
at the empirical formula of proteids. We have shown (p. 60) 
that the following fonnulie may be deduced from the moat 
reliable analyses of the purest preparations of albumens. 

Egg albumen CurtH^aNsjOMS,. 

Proteid in hfemoglobin from horse ... Cej(.,Hn#sN.j,oOi<i8j. 

Proteid in hsemoglobin from dog ... C7a,Hi,„Ni„Oin8j. 

Globulin from pumpkin seeds ... CajHmNaoOaaSj. 

We see that there is not nearly sufiBcient carbon in the 
proteid to permit of all the nitrogen issuing as an amido-acid. 
In the various kinds of proteid, from three to four atoms of 
carbon go to one atom of nitrogen ; in aspartie acid, four 
atoms of carbon to one of nitrogen; in leuciu, sis ; and in 
tyrosin, as many as nine. Glycocoll, indeed, contaius only two 
atoms of carbon to one of nitrogen. But it is questionable 
whether it is this amido-acid which is formed in especially 
large quantity from the proteid in the animal body. As 
stated, it cannot be obtained from the proteid outside the 
organism, but only if the proteid has been previously changed, 
by the vital process in the animal, into a collagenous sub- 
stance ; and it is only the smallest portion of the albumen 

■ Schnltieo and Nenoki, ZeUtchT-f. Biolog., toI. viii. p. 121 : 1872. 
t E. BHikowski. Zetlxhr. /. pkytiol. Chrat., vol. iv. p. IIM : 1ST9. 
X W. Tun Knieriem. Zeittehr. /. Biohg., vol, x. p. Ii7» : 167*. 
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of natrition which undergoes this conversion. It must also 
he taken into consideration that the proteid in the animal 
body also yields products of decomposition free from nitrogen, 
and very rich in carbon. What follows will make it apparent 
that fat and glycogen can be formed in the animal body from 
proteid. We are thus obliged to conclude that the largest 
portion of the nitrogen is split off from the proteid molecule 
ae a compound containing very little carbon. 

It is possible that a part of the urea in the animal body is 
separated directly from the proteid as a neutral compound. 
But it is also possible that ammonia and carbonio acid split 
off from the proteid, subsequently combining, with elimination 
of water, to form urea. This would be a process completely 
analogous to that involved in the formation of hippurlc 
acid. As monobasic benzoic acid imites with a molecule of 
a substitatod ammonia (glyooooll), losing one molecule of 
water, to form hippuric acid, so dibasic carbonic acid unites 
with two molecules of ammonia, losing two molecules of 
water, to form nrea : 



/OH 
C = + 2NH3 - 
\0H 



2H2O 



= C = 
XNHa 



The conversion of the amido-acids into urea may he thus 
represented : they are first split up and oxidized into car- 
bonic acid and ammonia, and in this state yield the elements 
necessary to form urea. In any case, we have to deal with 
another synthetic process, for the leucin and glycocoll contain 
bat one atom of nitrogen in the molecule, whereas urea has ■ 
two. 

The supposition that carbonate of ammonia was the 
antecedent of urea was based upon the following observations 
of Buchbeim and his pupil Lohrer." The latter took 3 grms. 
of ammonia in the form of citrate, expecting that it would 

• JuliuB Lohrer, "Ueber den Uebergane Jer Anuncmiaksalze m den Hani," 
tiuDg- DiiMert. : Dorpkt, 1862, pp. HO, 37. 
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behave in the body like citrate of potash or soda, which 
are knonii to pass into the urine as carbonates of jiotaeh or 
soda, and to render the urine alkaline. But thia did not 
happen. The urine remained acid. The carbonate of am- 
monia formed must, therefore, have been converted into « 
neutral compound. It was readily assumed that urea bad 
been formed. 

In order to decide the question whether ammonia is con- 
verted in the animal body into urea, careful experiments on 
the metabolic changes were made by Knieriem • on doga 
and on human beings, and by Balkowski| on dogs and on 
rabbits. The experiments made on rabbits gave results which 
were quite unambiguous : after the administration of chloride 
of ammonia, the excretion of ammonia was scarcely in- 
creased at all, whereas that of urea was increased. The 
experiments on human beings and on dogs did not show bo 
uneqaivooal a result. Part of the ammonia appeared un- 
altered in the urine, and it remained doubtful whether the 
extra excretion of urea was to be ascribed to the ammonia ad- 
ministered, or to an indirect increase of proteid-decomposition 
produced by the ammonia. This difference in its action in 
rabbits compared with human beings and dogs may be 
explained as follows. The hydrochloric acid of the chloride 
of ammonia introduced, by its strong affinity for ammonia, 
prevents the union of the latter with the carbonic acid to form 
urea. Now, in the organism of herbivora this hindrance is 
overcome, because the vegetable food yields an alkaline ash ; 
carbonate of potash is also formed in the organism by com- 
bustion ; this, together with the chloride of ammonia, ia 
converted into chloride of potash and carbonate of ammonia, 
which latter is changed into urea. The mixed diet of 
human beings and of doga in Knieriem's and Salkowsld's 
experiments would necessarily give a feebly acid ash ; the 

• Vol Euieriem. Zeitichr.f. Biolog., toI. x. p. 263: 1871. 
t E.Saikoynki,ZeiltehT./.phiinot. CAaM., voL L p. 1: 1S77. 
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conversion of the ammonia into uroa was, therefore, not so 

complete. Feder," who experimented with ohloride of am- 
monia upon fasting doga, recovered all the ammonia from 
the urine. For the fasting dog is nourished hy some of the 
proteid of its tissues, and a great deal of sulphuric acid is set 
free. This prevents the ammonia from uniting with the car- 
bonic acid. Fr. Walter f and Coranda J showed the excretion 
of ammonia to be considerably augmented in dogs and in man 
after the administration of hydrochloric acid. The latter 
impedes the normal formation of urea. The administration 
of carbonate of fioda diminishes the normal eseretion of 
ammonia. § For this reason the experiments on the forma- 
tion of urea were repeated in Schmiedeberg's laboratory, || but 
the ammonia was not administered in combination with strong 
mineral acids, but simply as carbonate. The dog swallowed 
the carbonate of ammonia, wrapped in meat, readily enough ; 
in this manner 3 grms. NH3 were administered to the animal 
on two Buecessive aftemoone. The excretion of ammonia in 
the urine was not found to be augmented, but there was an 
increase of urea, and the urine remained acid. Thus there can 
be no doubt that carbonate of ammonia is converted into nrea, 
Hoppe-SeylerU and Salkowski" have arrived at other 
views concerning the origin of urea. They regard cyanic 
acid as the immediate precursor of urea, and Dreohsel tt oon- 

• Feder, Znlwibr./. 0iaI»ti,,TDL liii. p. 256: 1877. 

t Vi. WAUei, Anh. /. nper. Path. u. rharm., Yol vii. p, US : 1877. 

t Coranda, ihM., tol. xii. p. 78 : 1880. 

i Mimk. Ztiliehr.f- pliytioL pJmdi,, vol. iL p. 29! IS78: E. HhlloiTonien 
Areh./.fxper.Paa.u. Fharm., vol. ^ p. 124: 1879. 

II Uttllerrordun, loa. nil., vhoae result* h&ve been Mnflnoed by Feder and 
Voit, ZfilKJir./. Bialog., tqI. xvi. p. 177 : 1880, 

5 Hoppe-Ssjler. Brr- d. deuUek. ehem. Oei., to!. tU. p. W: 167*; and 
" Pl^BioIogiBche Cliemie." pp. 809, 810: Berlin, 1881. 

•■ E. eiLlkonskl. Cmtri^b. /. d. med. Wiiinsah., p, 913: 1HT5; Zriltehr. f 
jAgiioL CKtm., vol. i. pp, 26-12 ; 1877. Compnre also Schmipdelxfrg'H olijcctiong 
in Ihe Arch. /. eipiT. Path. u. Phiirm., vol. y'lu. p. i, tt ttq. : 1878; and Soliroder'8, 
ibid., Tol. iv. pp. 399, 400: 1882. 

tt G. Oteohwl, &r. li. tfiaib. Oei. d. WUienteh., p. Ill : 1875; Joarn. f. prakL 
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eiders that nrea arises from carbamate of ammonia. 

last opinion is not at variance with the idea that nrea 

originates in carbonate of ammonia. For carbamate of 

( /NH, V 
ammonia I C=0 1 Btands midway between carbonate 

f /0(NH4)\ / .-^NH2>. 

of ammonia ( C = ) and area { = 1. By 

\ ^0(NH4}/ \ ^NHg/ 

eliminating one molecale of water, carbonate of ammonia 
yields carbamate of ammonia ; by elimination of a second 
molecule, nrea. As it would lead me too far to enter into 
these theories at greater detail, I refer the reader to the 
interesting original works that deal with the matter. 

The most complete and reliable researches as to the 
locality in which nrea is generated have been made by 
W. Ton Schroder.' He extirpated both kidneys in a dog, 
and took a little blood from the carotid immediately after 
the operation. The dog was bled to death twenty-seven hoars 
afterwards. The quantity of urea in each sample of blood 
was determined.t In the first case it amounted to 0'5 per 
thousand; in the second, to 2 per thousand. The area in the 
blood is, therefore, increased fourfold by the extirpation of the 
kidneys, and it follows that the kidneys cannot be the only 
place where urea is formed.} 

fiftetn. y.W., vol. lil p. 417: 1875; toL stL pp. 169, 180: 1877; vol. xiii.p. 
476 : 1880. Compftnt also the objectioiis raised bj Franz Hofmeister, PSilger'a 
AtA., toL lii. p. 337 : 1876. 

• W. vou Schroder, JnA./.Mpw.Potfi.H. P*ann.,ToL II. p. 364: lS82;aiid 
loL xU. p. 373 : 1885. 

t What [Boden ScbrcNlor'a reaearcliei lo Taluablo, and laises them far aboTa 
thoas of hia predacessorn, is tho Bdiniriibls cqib with itbioh the mallioda of deter- 
luiuiag tbo nroB were controlled nud carried out. In the decisive eiperiiuents 
the urea waa weighed in pure cryalals, which WPte sabspqaeDtl; anuljied to test 
their pnrit;. 1'he muthod ia deaoribed loc. nil., pp. Sli7-37T. 

I The reanlta of preTioaa work are Jn bannnny with Ihia, especially those of 
PrjToat and Damaa in the A-Mk. de rhim. el de p}iy>., vol. Txiij. p. 90 : 1823. An 
aoBODiit of the earlier literature ia giren bj Toil, ZeiUckr, /, BMog., vol. iv. p. 
116, a( aag..' 18S8; and b; Sohtoder, loe. ea., pp. 864, 369. 
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But the possibility still remained that area was formed in 
the kidney as well. Schroder therefore conducted blood, to 
which carbonate of ammonia had been added, through the 
kidnejB that had been excised. The amount of urea in the 
blood remained the same, both before and after it had been 
passed through the kidneys. As the formation of urea from 
carbonate of ammonia is a process entirely analogous to that 
of the formation of hippuric acid from glycocoll and benzoic 
acid, and as the excised kidney still brings about the latter 
sjTithesiB, this experiment renders it extremely probable that 
carbonate of ammonia does not, in normal conditions, undergo 
conversion into urea in the kidneys. 

Urea is, therefore, not formed in the kidneys, but merely 
excreted by them. But where is it formed ? As the muscles 
constitute 40 per cent, of the whole weight of the body, it was 
natural to think of them first. The combination, which 
forms the bulk of the nitrogenous end-products, might arise 
in the muscles. Schroder therefore conducted blood impreg- 
nated with carbonate of ammonia through the hind-quarters 
of a dog which had been bled to death. The blood was 
introduced into the abdominal aorta, below the renal arteries, 
and flowed out of the vena cava inferior. In one of the 
experiments, 1100 c.cms. of blood (40 Utres) was allowed 
to pass through in four hours and three-quarters. During 
the first four hours the Umbs moved spontaneously, obviously 
from the stimulation to the spinal cord ; its irritability con- 
tinued to the end of the experiment. If one electrode was 
inserted into the spinal cord and the other applied to the leg, 
tetanus ensued. A part of the spinal cord evidently preserved 
its vitality, for stimulation of one leg produced contraction of 
the other. But the amount of urea in the blood was exactly 
the same before and after the passage of the blood. The 
conclusion, therefore, is that no urea is formed from carbonate 
of ammonia in the muscles and tissues of the body; unless, 
indeed, the objection were raised that the extremities which 
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showed BO remarliable a retention of many properties of 
vitality should not be regarded as being under normal con- 
ditiona. 

The liver was the next organ to be thought of. It waB 
to be expected that large quantities of urea could only be 
formed in a large organ. There are varioOB reaeons for 
beheving that extensive proccHses of tissue-change go on ift 
the liver, the largest of the glands. Schroder, therefore, 
conducted blood containing carbonate or formate of ammonia 
through the liver. The organ was removed from a small 
dog, whose blood was mixed with that of a large dog. The 
blood was introduced into the portal vein, and flowed ont of 
the vena cava above the diaphragm. The hepatic artery 
was closed. After the blood had been allowed to pass for from 
four to five hours, the urea was found to amount to between 
double and treble the previous quantity. If blood was con- 
ducted through the liver without any carbonate of ammonia, 
the amount of urea increased but little, and then only in those 
experiments in which the liver and the blood were taken 
from dogs while digestion was going on. If the blood and 
liver were removed from fasting dogs, and carbonate of 
ammonia was not mixed with the blood, no urea was formed; 
bat this occurred directly carbonate of ammonia was added. 

These results of Schroder's have been confirmed by 
Salomon,* who made his experiments on herbivora (sheep) 
as well as on dogs. 

The synthesis of carbonate of ammonia into urea, therefore, 
takes place in the liver. 

Even this knowledge, however, does not advance out 
acquaintance with the precursors of urea. The antecedents 
of the small amount of urea obtained by passing through the 
liver blood which bad been taken from dogs during digestion, 
are still unknown. In all the other experiments, the ante- 
cedent (carbonate of ammonia) was artificially introduced. 

• W. SulomuD. Viichow's ArA., toL icviL p. U9 : 1S84. 
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What justification is there for the conclasion that carbonate 
of ammonia is also normally the precursor of urea ? 

Sohriider based hia views on this subject upon pathological 
facte. K normally urea really arises in the liver from 
carbonate of ammonia, we aboixld expect that in diseases of 
the liver the formation of urea would bo arrested, and that 
a portion of the precursors would pass unchanged into the 
urine. We should especially anticipate this in cirrhosis of 
the liver, when the specific hepatic cells are pressed upon by 
tbo encroaching connective tissue, become atrophied, and in 
great part disappear. 

The above assumption has been confirmed by observation. 
Investigators have found that in interstitial hepatitis, the 
elimination of ammonia is increased both absolutely and 
relatively in proportion to the excretion of urea.* Healthy 
people eliminate from 0'4 to 0'9 grm. of ammonia in twenty- 
four hours, and in cases of cirrhosis it rises to 2*6 grms. 
[vide »eq., pp. 344, 345). 

It is thus rendered probable that part of the urea does 
arise normally from carbonate of ammonia, but the actual 
quantity is not yet known. It is possible that the bulk of 
the urea takes its origin from another source. 

In our previous remarks on the precursors of urea, no ■ 
notice has been taken of a proteid product of decomposition 
which is very rich in nitrogen, i.e. oreatin. And yet creatin 
is important, as no other nitrogenous end-product of meta- 
bolism occurs in so largo a quantity in the body. Only very 
small quantities of urea (of which from 30 to 40 grms, pass 
daily into the urine) are at all times fonnd in the body. The 
total blood contains at most 2 gims., and it could not be 
detected in muscle. Whereas creatin, of which only from 
0'5 to 2'5 grms. per diem pass as such, or as creatinin, 
into the urine, is found in the muscles alone, to the extent of 

• Hnllervorden. Arrh. /. txper. Fafh. a. Fharm., Tol lii p. 237; 1880; 
SUdelitWDD, Dtutieh. ArrA. /. kliH. Med., toI. iixiii. p. 586 : I8B3. 



aiiaat 90 gnn£. Tins fkxi renden it prolttlik thai crettdn 
is ocarrerUfd into iZFca, Ukd tbiif pasBK is&o iht mine. This 
Tiev h&E beeD beld br muiT pbjsioiCinstE. bm the faQoving 
c4i«esT8tici>n seemed opposed to it. Ix ira£ foimd thai crem- 
tiD, istztidimd iztto an ETTTmailj reappears in the mine eiiha- 
imal&er<ed or, eonse^ifceoi upcm the loss of one moikinile of 
inrter, ac creaiinin.* Henee it iras izdezred thai creaiin 
eofnld not be one of Hie antecedents of izFe&. Bnt this 
infezcnee is ineorreet; beeanse ihit ereaxin introdnoec into 
the Etomaeh or dirert into the blocd remains nnaltered, it 
doa ncit foUov tliai the creaxin formed in the mnsdes 
behare^ in &e same ^vaj. It is quite impossible for ns 
artafidallT to introdnee substances to the part irhere thej 
Tould be decomposed in health. The mnsenlar fibres irith- 
draw from the blood nntntiTe substances qdIt. and throw off 
the end-prodnete in an opposite direction. It is, therefore, even 
a prwri imlikelj th&t creatin, when artificiallT introduced, 
would enter the muscle and be decomposed. It must be 
noted that it is not only posdble, but probable, that the large 
amount of ereatin formed in muscle becomes further split 
up and- when converted into urea, giren off to the blood. 
It is true that urea cannot be detects in muscle. Liebig, in 
. his celebrated work on meat, says, " I think that I should be 
able to detect urea in meat-juice, if only one-millionth were 
present." t But it does not, therefore, follow that urea is not 
formed there. It is quite possible that it is formed in the 
muocle, but that it is immediatelT carried off into the blood- 
current. 

I hare already given the reasons for my view that the 
combination into which the bulk of the nitrogen in the 
proteid molecule splits up, is very poor in carbon. Creatin 

• G.lld(Mf«r.Z«adbr./. mf. Jfed^Tol.xxiT.p.100: 1S65: toI. xxtI p. 225 : 
]8«6: ¥<^ Tiri p. 2^: 1868; C. Voit, ZciUtkr. f. Biclog^ toL iw. p. Ill : 

t Lkbig, Ann, d. Ckem. «. Pharm., toL bdi. p. 368: 1^7. 
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answers to this deBcription ; it contains only four atoms of 
carbon to three of nitrogen. 

The composition of creatin has been thoroughly known 
since Volhard and Strecker succeeded in producing it syn- 
thetically. Volbard " heated an alkaUne solution of sarcosin 
(methylglycocoll) and cyanamide to 100° C. for a few hours 
in a closed vessel. On cooling, creatin crystallized out. 
Strecker went still more simply to work. If he allowed a 
saturated watery solution of sarcosin, with the rec(uisite 
amount of cyanamide and a few drops of ammonia, to stand 
in the cold, a large quantity of creatin was obtained. f 

The constitution of creatin may be more readily under- 
stood from a comparison of the composition of guanidin, 
which is quite analogous to creatin both in synthesis and in 
decomposition. Creatin is a substituted guanidin. 

/NH2 /R ^NHi 

C = N + N-H= C = NH 

\H V NHj, 

Cyanamide. Guanidin. 

., NH^ /CH3 /NHa 

ChN + N-H =C = NH 

Cyanamide. ^CHg - COOH \ ^„ 

Sarccm. ^<gi' COOH 

Creatin. 
The analysis corresponds to the synthesis. On boiling 
with baryta water, the guanidin again splits into ammonia 
and cyanamide. Bnt the cyanamide takes up one molecule 
of water and passes into urea. In the same way creatin 
breaks up into nrea and sarcosin, a substituted ammonia. 
The close affinity of creatin to urea, and the possibility of its 
conversion into the latter, is thus amply proved. 

Creatin is a nentral compound. By elimination of one 

* Volhanl, SUtmlgber. d. MSw:h. Akad., voL ii. p. ill -. ISG8 ; or Zeituhr. f. 
CAcm., p. HBS: ISli^. 

t Slreokec, Jahrttber. Sbtr Fortickr. d. Chen., note to p. 686; 1868. Fide 
alto BorbaoMWBki, Wim. med. Jahrb., p. 4S9 : 188^. 
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molecule of water, it passes into a strong base — creatinm. 
This conversion is readily effected in an acid solution ; 
ereatin is as readily reformed by an alkaline solution. In 
conformity witb this, the small amount of creatiu daily 
excreted through the kidneys occurs chiefly as creatinin in 
acid urine, and as ereatin in alkaline urine.* 

Deic acid is the only nitrogenous end-product, which 
leaves the body in any quantity, that remains for our dis- 
cussion. 

The amount of uric acid excreted in twenty-four hoarR 
Tariea greatly in the case of human beings. It depends upon 
tho nature of the food. With a purely vegetable diet it 
amounts from 0-2 to 0'7 grm., and with a full meat diet 
it rises to 2 grms. and more. These differences cannot he 
explained merely by the varying amount of proteid in the 
food, for the proportion of nric acid to urea and to the total 
amount of nitrogen varies greatly. For instance, I found 
that the proportion of urea to uric acid in twenty-four hours 
in the urine of a healthy young man, when eating nothing 
butbreftd,= §?35 = 82; and when living on meat, = *^f = 48. 
Uric acid is sometimes entirely absent from the urine of 
carnivorous animals, such as cats and dogs, and only a trace 
is generally found in the urine of herbivora. The bulk of the 
nitrogen, however, appears in this form in the urine of birds 
and reptiles. 

Uric acid has the composition C[,H(N403. One of the four 
hydrogen atoms is easily replaced by metals. If the uric aoid 
be dissolved in a solution of sodium carbonate, the com- 
bination CaHsNaN.Oa is obtained. This combination is termed 
an acid urate. On dissolving in free alkalies, a second 
hydrogen atom is replaced by the alkaline metal. This 
combination is called a neutral urate. It is not known 
whether it occurs in the animal body. 

Uric acid and all its "acid salts" are with difficulty 
• Voit, ZdttcKr. f. Biaioff., toI. It. p. 115: 1868. 
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Boloble in water. It is important, from a physiological and 
patboloRical point of view, to be accurately acquainted with 
the various degrees of solubility. It is well known that in 
disease, uric acid and urates may be eliminated from the 
fluids of the body, and become stored up in the joints and 
other organs and tissues, or that they may be excreted from 
the urine in the tubules and pelvis of the kidney and in tbe 
bladder. The painful symptoms of what are known as the 
uric acid diathesis and gout are due to this. It is, therefore, 
highly interesting to know under what conditions uric acid is 
Bolnble, and under what circumstances it is precipitated. 

A gramme of free uric acid requires for its solution, at the 
temperature of the room, about 14 litres of water; at boiling 
heat, nearly 2 litres ; and at tbe temperature of the body, from 
7 to 8 litres.* The acid sodium orate dissolves in 1100 parts 
of cold and 124 of boiling water. Ammonia salt and tbe salts 
of the alkaline earths are much less soluble. 

Sometimes as mnch as 2 grma. of nric acid are entirely 
dissolved in the normal urine, the volume of which in twenty- 
four hours ordinarily amounts to from 1500 to 2000 u.cms. It 
cannot be dissolved as a free acid, for, as we have just seen, 
2 grms. of free uric acid require 15 litres of water at the tem- 
perature of the body, or ten times more than actually suffices 
for its solution. Wo must, therefore, assume that tbe uric 
acid is dissolved as an alkaline salt. But this is opposed to 
the following fact : if clear acid urine be allowed to cool to 
the temperature of the room, the greater part of the uric 
acid usually separates out as a free acid in large and beautiful 
crystals, which are coloured brown by the colouring matter 
brought down with it. The weight of the crystals obtained 
from the normal urine of twenty -four hours may amoimt to 
as much as 1 grm. How is this to be explained ? If 2 litres 

* Aa no Qt^coiint, so far as I know, bm ever bi^oii giien of Ihe solubility of 
uric Boid bI tbe temperatnre of the body, I hnvo made two ileterminationi, Tarr- 
ing between 35° oud 40° C. : 1 grm. of nrio add roquirod 7680 o.cuiB. of water iu 
tbe flret eiperiiueDt, in tlie KCOnd 7330 a.cms., for aolution. 
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of uric acid aolution, saturated at the temperature ol 
body, be allowed to cool, only about 1 decignu. of uric acid 
appearB ; bow, then, can it reach ten times that amount 7 

The explanation is as follows. If, at the temperature of 
the body, a saturated solution of acid urate of soda, with a 
neutral reaction, be mised with a solution of acid phosphate 
of soda (NaHjPOi), with an acid reaction, the mixture will 
prove acid. But if it be left to cool at the temperature of 
the room, the reaction becomes alkaline, and free uric acid 
crystallizes out. The mass-influence of the uric acid is 
diminished by cooling, because fewer of its molecules are dis- 
solved in the unit of space. Tbe mass-influence of the phos- 
phoric acid becomes relatively stronger. This acid, therefore, 
tabes possession of the sodium of the uric acid, and passes 
into the alkaline salt Na^HPO,. If the solution be heated 
afresh, the uric acid crystals redissolve, and the solution now 
yields an acid reaction. The uric acid in acid urine, which is 
always rich in phosphates of the alkalies, behaves in exactly 
the same way. It can be proved that, on cooling the acid 
nrine, the acidity decreases in proportion as the uric acid 
crystaUizes out. When raised to the temperature of the 
body, the crystals redissolve.* 

The phosphates of the alkalies thus play the same part in 
the solution of the uric acid that they do in the absorption of 
the carbonic acid in the blood and in the tissues (pp. 287, 288). 

It is doubtful whether the solution and elimination of the 
uric acid is to be thus explained in all cases. The acidity of 
the urine is occasionally found to be increased after the 
elimination of uric acid.t It is possible that acids split off 
from neutral combinations by fermentation, or that dibasio 
arise from monobasic acids by decomposition. This process 
may at times be even completed within the urinary passages, 

* Vide Yait nnd Hofmaau, " Usber doa Zustandckomtnen der BBrn^ureaedi- 
Dii^nte," Siknngiber. d. bagr. Ahad., vol. li. p. 279: 1867. I Lare aoaSimed Voit 
Bcd HoraiaaD'fl account bj nniof^Totai experimeuts. 

t BarteU, Dautich. Areh, /. ftli'n. Jir«d., toL i. p. 21 ; 1 SGG. 
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the consoquenee being that uric acid is precipitated. We are 
as yet far from having ohtained a satisfactory explanation of 
the manner in which the solution of uric acid is effected. 

If the urine be only feebly acid or alkaline, as it is fre- 
quently with a vegetable or mixed diet, no free uric acid will 
be deposited on cooling ; but if the urine be concentrated, acid 
urate of soda will be precipitated. This appears in exceed- 
ingly fine round granules, which, like the free uric acid, are 
brown or red-brown, owing to the colouring matter brought 
down with them ; this is found at the bottom of the vessel, 
and constitutes what is known as lateritious sediment. 

The m'ic acid sediment was formerly employed as a guide 
in diagnosing disease, but was very misleading. For instance, 
it was incorrectly assumed that an increase of sediment 
meant an increase of uric acid secretion. We have seen that 
the elimination of uric acid depends not only on its absolute 
amount, but also on the concentration and acidity of the 
urine.' But it appears to depend on other conditions as well. 
It is often found that urines which deposit crystalline uric 
acid are neither richer in uric acid nor more concentrated ; 
nor do they contain more free acid than others which remain 
clear or deposit urates, t 

It is conceivable that uric acid circulates in the fluids of 
the body as a readily soluble compound with an organic 
substance, which appears in the urine, and is then spUt up 
by a fermentative process. If this happens in the organs or 
within the urinary passages, gouty concretions and vesical 
calculi are formed. At any rate, no increased formation of 
urio acid has hitherto been found in gout and in the uric 
acid diathesis. There is even less uric acid eliminated during 
an attack of gout4 

• Compare Bollm Siiheubo, Areh, f. HeiBcMnde, toI. iri. p. 185 : 187G, 

t Bartels, loe. cit., p. 28. 

I Garcnd, "The Nature aJld Treutmcntcif Gout:" London, 1SS9. An utcoant 
or Ihe literature on gont is given ID the monDgrapo of Bbtteia, "Die Natiir ond 
U^iitudlniig der Qiobt : " WieabAdea, 1882. 
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, there is the important fact that a large amoi 
of hydrochloric acid is nooessary in order to separate the 
uric acid from the urine for quantitative tuialyais. and that 
even then it Beparates very slowly and incompletely, and 
sometimes not at all, in epite of its being present in abno- 
dance.* This fact likewise argues that, at any rate, not all 
the orio acid is simply dissolved in the urine as a salt. 

The chemical constitution of nric acid has not yet been 
satisfactorily ascertained, although a large number of eminent 
chemists have sought to solve the question,t and although the 
synthesis of uric acid has been successfully accomplished. 

Among the numerous analyses of uric acid, which have 
been made with the greateet care, the following is of peculiar 
physiological interest, because the products obtained play an 
important part in the animal economy. 

Strecker \ showed that uric acid, when heated with conCflQ- 
trated hydrochloric acid in a closed tube to 170° C, splits up, 
with hydration, into glycocoH, carbonic acid, and ammonia : 

aH,NA + 5H,0 = CHi(NH,)COOH + 3C0. + 3NHa. 
Strecker thought that uric acid would, while taking up only 
two molecules of water, break up first into glycocoll and three 
molecules of cyanic acid ; 

CsH.NA + 2H3O = CHa(NH,)COOH + SCONH. 
It is well known that cyanic acid, on coming in contact with 

• Sftlkowski, Pfluger'fl Arch., lol. T. p. 210; 1872; Stuly, ibid., toI. tL p. 
201 : 1872. 

t Woliler, PopgeDiioriTB JniwI., to1.it. p. 119: 1829: Liebig. ibid., Tol. st. 
p. 569 : 1829 ; aoii Ann. d. Chan. u. Pharm., toI. t- p. 288 ; 1883 ; Wflhler ud 
Llebig. Ann. rl. Chen. u. Fharm., toI. ziti. p. 241 : 183S: Adolf Baefer, ibid,, 
vol. ciiTii. pp. I, 199: 18C3; eiieokBr, ibid., vol. cxlvi. p. Hi: 18CS; and toL 
oIt. p. 177: 1870; Knlbe, Ser, d. denlneh. Cham. Oei., vol. iii. p. 183: 1870. 
Among the Islest works on the oonatitutiaii of uric and abf be mentioned Ii. 
Medious, Ann. d. Chtm. u. Vharm.. toI. oIiit. p. 230 : 1875 : Hill. Bor. d. deuUA. 
ehem. 6a., vol, U. p. 370: 1876; and vol. si. p. 1329: 1878: Hnrbaczevraki, 
BilaingAer. d. WUn. Aliad., yol. \iLiivi. p. 9G3: 1882; or Manahhffie /. Ctian., 
vol. iii. p. 79G: IB82; itnd toI. tj. p. 36C: 1885; nnd Emil Fischer, Ber. d. 
dtuUeh. cfcnn. Ge«., Tola, i., xTii., pp. 328, 1776: 1884. 

t Btncker, Liebig'a AmaL, voL oxlvt. p. 112 : 186S. 
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water, is at once converted into carbonic acid and ammonia. 
I may remind my readers that the watery eolution of cyanate 
of potash effervesces with acids like a carbonate. 

Strecker therefore regarded uric acid as a compound 
analogous to hippuric acid. As hippuric acid is a ^lycocoll 
conjugated with benzoic acid, so uric acid is a glycocoll 
conjugated with cyanic acid. 

The synthesis of uric acid, which Horbaczewski • snc- 
cessfully accomplished in E. Ludwig's laboratory in Vienna, 
exactly corresponda to the decomposition observed by Strecker. 
Horbaezewski obtained uric acid by melting glycocoll and urea 
together at from '200 to 230° C. It is well known that, tm 
beating urea, ammonia volatilizes and cyanic acid is formed : 

C = -NH,=CONH. 

Thus if urea be melted with glycocoll, nascent cyanic acid ia 
allowed to act on the glycocoll; one decomposition- product of 
the uric acid in a nascent state acts upon the other. This 
might, a privri, be expected to develop uric acid. 

The following physiological fact observed by Wohler 
appears to harmonize with these results of decomposition and 
synthesis. Wohler t found uric acid, but no hippuric acid, in 
the urine of sucking calves, so long as they consumed nothing 
but milk. But as soon as they passed on to vegetable food, 
the uric acid disappeared, and hippuric acid was substituted. 

It thus appears that the benzoic acid arising from vege- 
table diet seizes upon the glycocoll and prevents the synthesis 
of uric acid. 

If this interpretation be correct, we should expect, by the 
addition of aromatic compounds, to be able to prevent the 
formation of uric acid in human beings as well. This might 

• HorbuczeiTBki, Sitiungiber. i. Wiett. Akad., vol. IzizTi. p. 9fi3 : 18fi2; at 
MmabhefUf. Cliem., vol. uL p. T9S : 1882 ; »nd vol. vi. p. 336 : 18S3. 

t Woblet, XacAr. d. k. Go. d. WititMch. jw OOtUngen. toL t. pp. 61-64 : 1819. 
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even be of therapeutic advantage in the treatment of gout. 
It is uBeleBs merely to Rive benzoate of sodium, as I have 
proved by many experiments. But here again it Bbould not 
be forgotten that it is not in our power to make the benzoic 
acid reach the proper point at the proper moment when the 
glycocoll, before its union with the cyanic acid, could reach 
it. As already mentioned, the benzoic acid in vegetable foo<l 
is not generally contained as such, but is formed in tbe body 
by the decomposition and oxidation of more complex com- 
binations. It is quite possible that these latter are taken up 
by the cells in which the glycocoll occurs, while the benzoic 
acid already formed is rejected. At any rate, it must be 
remembered that to prevent the formation of uric acid in 
gout would only affect the symptoms. It is impossible to 
treat the essential cause of the disease, because it is quits 
unknown to us. 

With a view to obtaining further insight into the eompo- 
eition of uric acid, the products of its simultaneous decom- 
position and oxidation have been investigated — products 
obtained by the action of oxidizing agents. These products 
are likewise of great interest, because among them combina- 
tions occur which are also met with in the metabolism of the 
animal body. 

A solution of permanganate of potash causes uric acid 
to break up, even in the cold, into allantoin and carbonic 
ftcid : • CjH.N.Oj + + H,0 = C.HbN.OJ + CO,. 

Allantoin was discovered by Vauquelin t in the allantoic 
fluid of the cow, was subsequently found by "Wohler J in calves* 
urine as well, and was further investigated both by him and 
by Liebig.§ Later this compound was also detected in the 

* Clam, Ber. d. deuttKh. nhtm. Get. d. Wittentrh. lu Gottingsn, tdI. v. pp. 61- 
64: IR49. 

t Bunira et VauqneliD. Ann. dt rhim., t. iixili. p. 269, ann, viii*. : 1799. 
V'dr also LBsaBigne, Ann. dt nfcim. tt de phyi.. t. ivii. p. 301 : 1821. 

I Wohlar, Naehr. d. k. Get. d. Witiejuch. tu Omtingen, p. 61 : 1849. 

S Wohler and Lieblg, Ann. i. Chent. u. Fharm., vol sxtI. p. 214 : 1938. 
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allantoic flnid and in the urine of new-bom children, and 
occasionally in dogs' urine.* 

The further action of oxidizing agents upon allantoin f 
produces urea and oxalic acid, and the latter ultimately, 
under the same influence, yields carbonic acid. 

If nitric acid be employed for the purpose of splitting up 
and oxidizing uric acid, urea and carbonic acid are again 
obtained as end-products. Combinations occur as inter- 
mediary products which, although they do not appear in the 
animal body, are of interest, in so far as they help to throw 
some light upon the constitution of uric acid. Alloxan and 
urea are the next compounds formed by the nitric acid in the 

presence of cold : 

H 

I 



C = ON 



■^ — n r\ ^ c\ A- n ^. ( 



NH 



3 



C5H4N403 + + H20=C = C = + C^O 

Uric acid. I / ^NHg' 

C = ON^ Urea. 



1 



Alloxan. 

Alloxan, when heated with nitric acid, passes into para- 
banic and carbonic acids : 

H 

I H 

C = ON j 

I \ C = 0N\ 

C = = + = 002 + 1 = 

I / = ON/ 

= 0N i 

H 
Farabanio acid, or Oxalylorea. 
Alloxan. 



1 



* E. Salkowaki, Ber. d. d^evAti^ fSkem, (?m.,toI. ix. p. 719 : 1876 ; and Tol. xi. 
p. 500 : 1878. 

f For the synthesis and composition of allantoin, vuia Grimauz, Compt. rend.» 
ToL Ixzxiii. p. 62 : 1876. 

Z 
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The parabanic acid, with hydration, passes into oxaluric 

acid: 

H 

! 

C = 0N\ CONHCONHj 

C = + H20= I 
C = ON / COOH 

I Oxaluric acid. 

H 
Parabanic acid. 

The latter, by taking np a second molecule of water, breaks 
up into oxalic acid and urea : 



CONHCONHj. COOH /NH- 

+ H20= I +C0 

!00H COOH XNHa 

Oxaluric acid. Oxalic acid. Urea. 



i 



Oxaluric acid occurs in the homan urine* in minute 
quantities.',^ 

The following formula, which was composed by Medicus^f 
and confirmed by Emil Fischer^ from extensive observations, 
agrees with all the decompositions of uric acid we have 
described : — 



\ 



H C=ON-H 

I I 

-c c=o 
0-c/ " I 

H/ 



Another synthesis of uric acid,§ lately discovered by 
Horbaczewski, agrees well with this structural formula. He 
found it could be synthesized by fusing together trichlorlactie 
acid and urea. 

As we have seen that uric acid is transmuted into urea and 

♦ Ed.Schnnck, Proceed, of the Boy. 8oe., toI. xvi p. 140 : 1868 ; C. Neabauer, 
Zeittehr. f. ancd. Chem., vol. vii. p. 225 : 1868. 

t Medions, Ann. d. Chem. u. Pharm., vol. clxxv, p. 230 : 1875. 

t PiBoher, Ber. d. deut$eh. ehem. Get., vol. xvii. pp. 328, 1776 : 1881 

§ J. Horbaczewski, Monatshe/te f&r Chemie, voL viii. pp. 201, 584: 1887. 



cftrbonie acid by oxidizing agenta outside the organism, we 
should expect to find the same procesH going on within the 
organism, and that uric acid is one of the antecedenta of 
urea. If nric acid bo introduced into the organiam of a dog, 
it certainly becomes almost entirely changed into urea.* But 
it by no means foUowa that part of the urea normally formed 
arises from uric acid. This idea is freqnently met with, and 
especially in pathological literature. It was thought that, 
in disturbances of external and internal respiration (such as 
affections of the lungs, aufemia, etc.), an increase takes place 
in the elimination of uric acid, as a product of incomplete 
combustion. This supposition has not, however, heen con- 
firmed. Senator t could not decide that the uric acid was 
increased in dogs, cats, and rabbits when respiratory disturb- 
ances were artificially induced ; nor could Naunyn and Eiess } 
do 80 after venesections. Moreover, the nnmeroua accounts 
given of the increased elimination of uric acid in human 
beings in consequence of respiratory diBturbances, do not 
rest on exact observation. In the first place, investigators 
fell into the error, already alluded to, of inferring an increase 
of uric acid from an increase of sediment ; and, in the second 
place, they did not sufficiently take into consideration how 
much the formation of nric acid depends upon diet. It should 
be especially noted that a fasting, and particularly a febrile 
person—in whom it is well known that the proteid-decompo- 
sition is increased — behaves exactly hke a person who lives 
on meat. The results of all calculations bearing upon the 
elimination of uric acid in respiratory disturbances, and con- 
cerning the relation of nric acid to urea in these affections, vary 
within the same limits as they do in the case of healthy people. 
Increased elimination of nric acid has hitherto only been 

• Znbelin, Liebig'a Annal. d. Chan. ». Fharm., Sappl., »ol. i[. p. 326 ; J8G2 
and 1863. The viswi of esaller autbnn on the m 
will lie fonnJ here. 

t Soiiator, Virebow'B Arch., vnl. xlii. p. 35: 18 

X B. Naaajn aud L. Bieas, Da Bois'i Areb., p 
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proved in the case of one dieease, leuobiemia. Bartels 
recoimts that he found 4'2 grmB, of uric acid in the mine 
of a leuchcemic patient during twenty-four honre, of which 
1*8 grm. had crystallized out. 0. Schultzenf even found, 
in the urine of a case of leucbsDinia during twenty-four hoars, 
a sediment conBisting of i-5 grms, of free uric acid and 
1*45 grm. of urate of ammonia. Sach large amoontB have 
never been observed in healthy people. In the cases of 
leuchemia where the amount of uric acid does not exceed 
that of healthy people, the proportion of uric acid to urea 
is increased, frequently in the proportion of only 12 grms. 
of the latter to 1 grm. of uric acid.J Fleischer and Penzoldt § 
have lately made a careful investigation on this subject. 
They dieted a leuchsmic patient and a person in good health 
in precisely the same way ; they both excreted the same 
amount of urea, but the leucbromic patient eliminated daily 
an average of I"29 grm. of uric acid, while that eliminated by 
tha healthy peraon amounted to 0'66 grm., or half as much. 

This occurrence cannot, for the reasons already given, be 
referred to a diminution of oxygen in consequence of the 
decrease in red blood-corpuscles. It was, therefore, thought 
that the cause was to he sought in the enlargement of the 
spleen and in the increase of leucocytes. Uric acid is con- 
stantly found in the spleen, vhich has given rise to the idea 
that it is chiefly formed here. Enlargement of the spleen, 
however, occurs in other diseases, in intermittent fever and 
in typhus, without any increase of uric acid that could be 
deteoted.ll Nor could Stadthagenll confirm the view that 

■ BtlTtoU, Deulieh. Areh./. Min. Med., vol. L p. S3: ISfiC. 

t Bteinhere. "UebcrLeukamio," Inaug, Dissert.: Berlin, 18fi8. 

t H. Bftoke, " Beobacbtungen und Veraiiebe ubei die Augacheidnag dn' 
Hftmnnre," p> 27: Munchen, 1858; and Salkowski. Virchow'e Arak., vol. t. 
p, 174 : 1870 : and vol. Hi. p. 5S : 1871. 

§ Pleiicher and Penzoldt, Deult!>h. Areh. /. Win. Wed., vol. nri. p. 368 : 
1880. 

U BtirtelB, DeutKh. Areh./. klin. Med., vol. i. p. 28: 1SG6. 

^ Btadthaeen, Virohow's Areh., toI. oix. pp. 3gti-lD2: 1887. 
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uric acid occurred in the spleen ; he could not detect even a 
trace of it in the liver and spleen of either a leuchsmie 
patient or a healthy person. It is possible that uric acid 
may be a product of the metabolism of leucocytes, independent 
organisms which travel through our tissues, after the manner 
of " symbionta." Uric acid has been observed to be the end- 
product of tisBue-change in all kinds of the lower animals. 
In this connection it is noteworthy that quinine, which 
diminishes the amoeboid movements of leucocytes, also lessens 
the elimination of uric acid.* 

The theory that uric acid is the result of imperfect respi- 
ration is negatived by the simple fact that in birds, which of 
all animals have the most active respiration, the bulk of the 
nitrogen leaves the body as uric acid. The nitrogen may be 
introduced into the organism of the bird in whatever form 
you like — as an amido-acid : leucin, glycocoll, or aspartie 
acid ; t as urea ; 1 as carbonate or formate of ammonia ; § 
as hyposanthin |] — it invariably appears in the urine as uiic 
acid. 

We cannot even guess in what way these nitrogenous 
compounds take part in the synthesis of uric acid. For 
instance, carbonate of ammonia alone cannot furnish material 
for the formation of uric acid ; a further compound, rich in 
carbon, and containing little or no nitrogen, is required. Either 
glycocoll or lactic acid would satisfy these requirements, but 
nothuag definite is known on this point. 

It now only remains for ns to consider where the uric acid 
is formed. This is important &om a physiological as well as 
from a pathological point of view. The most complete 

* Raake, loe. eit. This occoatit bM boea smpl? confirmed, most recent!; hj 
Prior"B Iborongh inTOBligation, PBiiger's JriA., voL uiiT. p. 237: 1884. The 
whole literftture will be found here. 

t Von Kaierietn, Zeitiehr./. Biolog., vol. liii. p. 36 : 1877. 

1 Meyer and JaffiS, Ber. d. deuUch. eUm. Gei., vol. s. p, 1930: 1877. Tide 
aIbo Cecb. ibid., toL x. p. 1461 : 1ST7. 

I Von Schroder, ZeiUthr. f. phyiiol. Ohem.. yqI. ii. p. 228 : 1878. 

d W. TOD Mooli, Ardi. f. taptr. Path. u. PItarm., vol ixiv. p. 3S9 : 1SS8. 
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inTeetigations upon this sobject of recent times have 
made by Bohroder " and Minkowaki.f 

Schroder succeeded, in Ludwig's laboratory, in overcoming 
the immeaBe difBculties encoimtered in the extirpation of the 
kidneys of birds. Hens lived from five to ten hours after 
their kidneys had been either extirpated or detached from the 
circulation by ligaturing the aorta and vena cava above the 
kidney. In this time uric acid had accumulated in the organs. 
A considerable amount of ttric acid was obtained from the heart 
and the lungs together with the blood in them, but none from 
the normal organs, by the method adopted by Schroder. 
Hence it follows that the uric acid is not produced, or at any 
rate not exclusively formed, in the kidneys of fowls. Experi- 
ments in which snakes' Itidneys were extirpated gave the same 
results, only that here the amount of uric acid that accumulated 
was larger, because snakes survive the operation for a much 
longer time. They lived from five to nine days afterwards. 
and after death a large quantity of uric acid was found in all 
their organs, but most abundantly in the spleen, A consider- 
able amount of uric acid was obtained from the blood. Hence 
also in Bnakes uric acid is not primarily formed in the 
kidneys. 

The locality of the formation of uric acid in mammals has 
not been experimentally investigated. At the same time, the 
existence of small amounts of uric acid in the liver, lunga, 
and other organs, has been ascertained. J The occurrence in 
gout of large quantities of nric acid in the joints, tendons, and 
ligaments, under the skin, and in other organs, without any 
previous disturbance in the functions of the kidney, seema to 
show that uric acid is not primarily formed in the kidneys in 

• Von Sohroder, Da Boib' ArBh., Suppl.. p. 113: 1880; and "Beitrago m 
PhfnoI.iCul Ludvig tu seiQem 70 Qebuilstage gewidmal von seinan BahiUeni," 
p. 89: Leipzig, 1B8T. 

t Hiakowski, Arch./, raptr. Pa(h. u. Fharm., vol. ixi. p. 41 : 1686. 

I An aocount of tlie litcralure is given by Schroder, he. eit.. p. 113. For the 
oppoiito view of Stadthagsn, see the earlier leferenoe. 
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the case of mammalB any more than it is in the case of birds 
and reptiles, 

Miakowaki " endeayoured to aBcertain whether this process 
went on in the liver. As above mentioned, this question 
cannot be decided in mammalB, on account of the stagnation 
which occurs in the blood of the portal system after the extir- 
pation of the liver. The bold attempt to avoid this stagnation 
by providing an artificial communication of the portal with 
the left hepatic vein, or directly with the vena cava inferior, 
has not been attended with any BuceeBB.t Fortunately, such 
a communication has a natural existence in birds. Birdn 
have a vascular system in the kidneys similar to the portal 
circulation in the liver. There is a vena advehens in the 
kidney which brings to that organ the blood of the caudal 
vein, the iliac vein, and the veins leading from the pelvic 
organs. This vena advehens communicates with the portul 
vein by means of Jaoobson's vein. After tying the portal 
vein, therefore, the blood from the intestine can pass throagh 
the kidneys to the vena cava inferior, and no stagnation 
occurs, t Minkowski, therefore, tried, by experiments on 
birds, to find out what influence the removal of the liver has 
upon the composition of urine. He made his experiments on 
geese, because these large birds yield a sufficient amount of 
urine for the purposes of analysis, and because they secrete 
urine in abundance after removal of the liver. He operated 
upon as many as sixty geese, and in most cases, not only 
tied the hepatic vessels, but also completely extirpated the 
liver, except a very small remnant which he was obliged to 
leave in the immediate neighbourhood of the vena cava, as in 
birds this latter passes through the liver. This remnant was 
destroyed by crushing. The animals thus operated upon 

* HiDknwslii, ha. eit. 

f Btotnikuw, paag«r'a ireft., vol. xxvUL p. 266 : 1S82 1 Stem, Areh. /. exper. 
Path. 0. PhariTL, vol. xls. p. 4S: 1683; W. von Boluoder, ibid., Tol. xU. p. S13: 
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moBtly lived for more than six hours, and a few of them I 
twenty hours. The large intestine was tied above the cloaca, 
in order to obtain the nrine in a pure condition. 

The result obtained was, that the total nitrogen eliminated 
after the extirpation of the liver was not greatly diminished ; 
it amounted to about from one-half to two-thirds of the 
quantity normally excreted by geeee in the same time. On 
the other hand, the proportion of uric acid to the total nitrogen 
in the nrine was very different. In healthy geese, the nitrogen 
eliminated as nrie acid amounts to from GO to 70 per cent, of 
the total nitrogen ; in geese after removal of the Hver, only to 
from 3 to 6 per cent, 

The relative amount of another nitrogenous constituent of 
the urine, ammonia, is altered in the reverse direction after 
extirpation of the liver. The ammonia in the urine of normal 
geese amounts to from 9 to 18 per cent, of the total nitrogen ; 
that in the urine of geese after extirpation of the liver, from 
50 to 60 per cent. 

From this Minkowski concludes that ammonia is a normal 
antecedent of uric acid, and that the synthetic conversion of 
ammonia into uric acid in the organism of birds can only 
take place if the liver is free to perform its functions. 
Minkowski does not eay that the liver is the locality of nric 
acid formation. It is possible that the functions of the liver 
are only indirectly called into play in the formation of nric 
acid in other organs. 

The following very important fact observed by Minkowski 
may be interpreted in this sense. A very large quantity of 
lactic acid was found in the urine of geese after removal of 
the liver. Minkowski could not detect any lactic acid in the 
normal urine of geese, whereas after the operation there was so 
large a quantity as to be equivalent to the amount of ammonia 
excreted, and sufficient to make the urine strongly acid. 

The extirpation of the liver is therefore, in some way as 
yet inexplicable, followed by the appearance of large quanti- 
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ties of lactic acid, and the formation of uric acid being 
inhibited in any organ ia perhaps only indirectly the con- 
sequence of the occurrence of the acid. We have already 
aeen that acids check the formation of urea, ajid increase the 
elimination of ammonia in the organism of mammals. Why 
may not acids have the same inhibitory effect upon the 
formation of uric acid in the organism of birds ? In fact, 
by administering sodium carbonate, Minkowski succeeded in 
reducing the elimination of ammonia in a normal goose from 
11 to 3 per cent, of the total nitrogen. 

I will only add that in diseases of the liver, and especially 
in acute atrophy of the liver, and in cases of phosphorus 
poisoning, largo quantities of lactic acid have been observed 
in the urine,* May not the increased elimination of ammonia 
in cirrhosis of the liver {p. 327) he likewise referred to this 
fact ? So far as my knowledge extends, no notice has ever 
been taken of the acidity of, and the lactic acid present in, 
the urine of persons suffering from cirrhosis of the liver. 

I will also take this opportunity of mentioning that the 
occurrence of an organic acid (osybutyric acid) and, simul- 
taneously, an increased elimination of ammonia has also been 
observed in cases of diabetes melUtus.t 

It may even be doubted whether ammonia is the normal 
antecedent of urea and of uric acid. It is possible that the 
nitrogen, which under normal circumstances splits off from 
the proteid molecule as a neutral combination, separates as 
ammonia under the influence of the abnormal acids. 

The facts observed by Minkowski may, therefore, be inter- 
preted in many different ways. Minkowski himself inclines 
to the idea that the bulk of the uric acid in the liver is 
normally formed by synthesis &om ammonia and a non- 

• SfJinltzen »nd Riese. Ann. dt$ Charil^Kranli«uhau»et, vol. XV. l I8S9. 

t Hallerrorden. Arch. /. txprr. Path. u. Pharm., »oI. xii, p- 268; 1880; 
Stsdelmunti. ibid., *oI. xviL p. 419: IgSS; Uiiikowaki, ibid^ lol, iiiii. pp, 35- 
U7: 1664; Kiilz. Zeitiehr. /. iJiofojf., vol. ix, p. 165: ISMl; H. Wolpo, JreA, /, 
aper. Path. a. Fharm., vol ni. p. 1S8 : 1866. 
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nitrogenoua BnliBtanee, and imagines this latter to be lactic 
acid." Minkowski grounds this view on the probability of 
ammonia and lactic acid both having a common source in 
proteid. As already stated, he always found the lactic acid in 
quantities equivalent to the ammonia. It increased in quantity 
with the amount of proteid in the food, and was independent 
of the addition of carbohydrates ; it increased also ODder 
the same conditions under which an increase of uric acid 
normally takes place. 

Of the numerous facta ascertained by Minkowski, 1 would 
emphasize the following : — 

Besides the uric acid and the ammonia, which form the 
bulk of the nitrogenoua compounds in the normal urine of 
birds, there is always a small amount of urea. The nitrogen 
eliminated in this form amounts to from about 2 to 4 per 
cent, of the total nitrogen. The proportion of urea to 
the total nitrogen remained unaltered after extirpation of 
the liver. The urea in the urine of birds is, therefore, not 
formed in the liver. But, of course, this doee not justify any 
conclusion with regard to the locahty of the formation of urea 



If area be artificially introduced into the organism of 
normal birds, ,the nitrogen of the urea, according to the 

* Th« lactio Boid fonnd b; Minkowski in tbo nrina of geese wliose liTen h&d 
been removed, yua Ihe opticallj active sarco-liLDtic acid. There kre knawn to 
be three irameria leclie ocida: ethylene lactio acid [CH/OH)GH,COOH], or 
hydraorylic acid, which has not beeo det4>ctod in Hie animal boiijr, nod the two 
«t1i;lidL'De lactio scidg [CHjCU(OII)COOH]. Of the two last, tlie bu^lic acid of 
fermeDlalioD, which is formed b; the rerm ntation or sugar of milk ■□ milk, and 
hf tbo rermentation ot the caibobfdrBteB in tbe intestine, u opticall; inactive: 
the other, the earcolactio acid, U opticall<r active, as it rotutea tbe plans of 
[wlarization to the right. The latter la obtained irom muscles (compare Leotora 
XIS.), and is met with freqaentl; !u pathological producta; in Diioe, in 
phoephoms poisoning and atiophj of the liver, in osteomalacia, id the sweat In 
puerperal fever, and in various pathological exodations. We owe the moat 
minnte inquiries into isomeric lactic nciOs to J. Wislicenus (Ann. il. OSem. u. 
Fharm., vol. clivi. p. 8; 1873; and vol clxvii. pp. 302. 346: 1873), and to 
E. Erlenmeyer (ibid., voL elviii. p. 2G2: 1871 : and vol. cici. p. 261 : 1878). A 
■nmmary of the litenttue on Uomeiia laolia acids is given in these worka. 



XANTHIN AND HTPOXANTHIN. 347 

eiperimentB of Meyer and Jaffe, already quoted, reappears 
as uric acid in the arine. Minkowski injected BolutJons of 
nrea either BubcutaneouBly or into the Btomach of bis geese, 
after removal of the liver ; the urea reappeared in the urine 
unaltered. This fact alao eeems to warrant the concluBion 
that nric acid ia formed by synthesis in the liver, but it Is 
capable of being otherwise interpreted. I may express the hope 
that the artificial transmission of blood through the excised 
liver of birds may soon give a satisfactory reply to this 
question. 

The facta obtained both by Meiasner * and by Schroder t 
agree in showing that the amount of normal uric acid is 
always larger in the liver than in the blood of birds ; and they 
are, moreover, in harmony with the theory that uric acid, or 
at any rate a portion of it, is formed in the liver of birds. 

In all the ttsBUes of our body, and especially in the 
nuclei of the cells, there are small quantities of two bases 
rich in nitrogen, the empirical formulffi of which would lead 
to the conclusion that they are closely related genetically to 
uric acid. I mean kanthin and hvpoxakthin, or sarcin-t 
They only differ from nrie acid by their smaller amount of 
oiygen : 

Uric acid CbH^N^O, 

Xanthia CsH,N40» 

Hypoxanthin C»H.N,0 

As yet, however, no one has succeeded in transmuting the 
three compounds into one another.| The facts that xanthin 

• Moiflsner, Zeiltchr. /. ro(. W«i.. vol. mi. p. 1« : 18G8. 

t W. Yon. ScLrSJer, " Beiti^ge zur PhyBiol., C«l Ludwi'g «n aeiaem TO 
GebnrUtage gewidmet tod ieinen Sebiilero," p. 98. Lviplig: 1887. 

I KoBsel, ZeiUBhT. f. phyioL Chan., ToL vi- p. 422: 1882; Tol. Tii. p. 7 : 
1382. 

5 Emil FiBohar (Ber. d. dmltdt. chem. Ort., vol. xvii. pp. 328, 329: 1884) 
wiu nnabls to conBnn filrocker'B uccoDiit that ario nnid could be reduced lo 
xanthia and bypoiBDlhln by nucenC byilrogcb, and that hypoiantlLtn could be 
oiidixed into iBOlliiu by oitrie arid. Tida alio Kouol, &iCioAr. /. phfiol. 
Chtm., vol TL p. 428: 1B82. 
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on oxidation yields alloxan, and, wben acted on by famiiig 
hydrochloric acid, glycocoU, seem to point to its having s 
constitution somewhat analogous to that of uric acid.* 

Bnt there is, in close affinity to xanthin, a third com- 
pound, GOASiNt (CJIoNjO), which frequently occurs in the 
tissues together with xanthin and hyposanthin, and, liko 
these, is a decomposition-product of the nuclein of the cell- 
nuclei. This is converted into xanthin by the action of 
nitrons acid. 

More recently still Kossel J has discovered a fourth base 
rich in nitrogen as a constituent of the nuclei ; this he terms 
ACENiN. It has the composition CjHaNj and is therefore 
a polymer of hydrocyanic acid, and is related to hypoianthin 
in the same way as gaanin is to xanthin. It is converted 
into hypoxanthin by nitrous acid. 

Only a very small quantity of xanthin is invariably 
present in human urine ; § in rare cases it may form vesical 
calculi. 

Xanthin, hypoxanthin, guanin, and adenio, which are 
usually designated by the generic name of xanthin-bodiea, 
undoubtedly belong to the antecedents of urea or of uric acid. || 
They occur in too large a quantity in the tiesnee, and in too 
small a one in the urine, for it to be possible that they are 
ehminated unchanged. Guanin is, like creatin, a substi- 
tuted guauidin. All the reasons which were adduced in 
favour of the conversion of creatin into urea are equally 
applicable to guanin. 

• For the oompoBition of sftathin, see Emil Fisolier, Ann. d. Cbem. u. Phartn., 
vol. cciv. p. 253: 1882; Ber. d. lUalich. olufn. Gen., vol, i». p. 153: 1882; nod 
Ann. Gautier, Compt. rnid., tdL scviii. p. 152» : 1884 (SyothesiB of lauthin). 

t Koaeel, &iiKAr. /. phj/tiol. Chem., vol. vii. p. IB: 1882; Tol. viii. p. 40* : 
18&4. 

t KoBael,ibia.. Tal. I. p. 250: 1BS6. 

§ Neubauer, Zeiliehr.f. analyt. Chem., vol. vii. p. 225: 188S. 

U ViiU BludtliBgcD, VirehDw'B Areh., vol. oil. p. 390 : 1887. An oocoant of 
the lilentture on the xauthin-bodics, and the part thej pla; in the forauttuii of 
uric acid, is given hen. 
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LECTURE XVn. 



THE FUNCTIONS OF THE KIDNET3, AND TUB OOMPOBITrOS 

OP nillKE. 



In the last leetiire we became acquainted with the end- 
products in which the bulk of the nitrogen leaves the body 
through the kidneys. The elimination of the nitrogenous 
end-products of metabolism is not, however, the sole function 
of the kidneys. To the kidneys is assigned the duty of 
maintaining the composition of the blood invariable, of 
rejecting from the blood everything that does not belong to 
it normally, whether an abnormal constituent or a normal 
one that has increased beyond its normal amount. 

This function is usually ascribed to the epithelial cells 
of the renal tubules, although it appears to me that it 
might with equal justice be referred to the cells of the 
capillary wall. There is no reason for assuming that the 
capillary wall plays a passive part in the process of secretion. 
We know that it consists of cells joined together like mosaic 
work, and that each of these cells is a living unit, an 
organism by itself, to which we are d priori justified in 
ascribing as complex functions as to the epithelial cells of 
the tubules. 

The ceUs of the capillary wall and those of the epithelium 
perform the work of rejecting the substances which do not 
normally form part of the composition of the blood, and this 
they do without regard to the laws of diffusion and endosmosis 
or to the degree of solubility. They eliminate everything 
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nseleBs or enperfliioiis — crystalloid and colloid snbstai 
both soluble and insoluble, both albaline and acid. 

Sugar and area are both readily Boluble in water and 
diffusible; they are both always circulating with the blood 
throngh the renal capillaries. Sugar, which is an impor- 
tant food -substance, is retained ; urea, which is an end- 
prodnct, is excreted. The purpose is manifest, though we are 
unable to explain the reason. It does not at present admit 
of a mechanical explanation. If the sugar exceed the normal 
quantity, it is secreted. 

Proteids form the main constituents of blood-plasma ; but 
they are never allowed to pass by a healthy epithelium. 
Normal proteids only appear in the urine when the renal 
epithelium has undergone pathological alteration, or has been 
impaired by impeded circulation of the blood, and by an arrest 
of the supply of oxygen.* But the normal proteids of the 
plasma cannot pass the normal and well-nourished epithelium, 
and thie not by reason of their colloid natare ; for as soon &% 
a proteid that does not belong to the normal constituents of 
the plasma, such as egg-albumen, or a solution of casein, is 
allowed to enter the blood, it reappears in the urine. t This 
applies not only to colloid substances, but also to such as are 
absolutely insoluble and immiscible with water, which are 
removed by the activity of the cells into the commencement 
of the renal tubules, if they do not belong to the normal con- 
stituents of the blood. Among these we may mention foreign 
fatty matters (cod-liver oil), superfluous cholesterin, resins, 
and tbo like. 

If the blood becomes too alkaline, as it may by conversion 
of vegetable salts of alkaUes into carbonates, the renal cells 

* Heidenhaia in BeniutiiD*« Bandbnch der Phyiiot., toL t. pt. 1. pp. 337, 371 ; 
Leipzig, I8S3. 

f J. ForBler. ZetUekr. /. Btolog., vol. li. p. S!S: IBTS. Id tbis paper tlw 
Fsrlier views of Bernard. Leliraann, Blolivia, and Creile are roentioaed. Bee 
fnrlber, B. NcumeiBler, "ZuiFroge tidoIi dem Bchickanl der EiweiisnalirDlig Im 
Orgonumui," SiUungiher. d. fhyt. med. Ga. t. Wenburg i IS89. 
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separate the excesa of these cnrbonateB from the blood. 
If the alkalescence of the blood be diminished — -perhaps by 
the liberation of sulphuric acid and phosphoric acid, caused 
by the decomposition of proteids of nueleins and lecithins — 
the renal cells take up the neutral salts of the blood, separate 
them into acid and alkaline, convey the acid salts into the 
urine, and the alkaline back into the blood, until the normal 
alkalinity is restored. 

The epitheliom-eells are of very varying form and size in 
different parts of the urinary tubules. This renders it probable 
that different portions have different functions to perform; 
that only certain constitaents of the urine are eliminated by 
one part, and different ones by another. It is known as 
a fact that the colouring matter, carmine, when it gets into 
the blood, is eliminated by the Malpighian bodies,* whereas 
indigo t ftnd bile pigment' are excreted by the convoluted 
tubules and Henle's loops. In birds, uric acid is only found 
in the epithelium of the convoluted tubules, never in other 
parts. § The purpose of this arrangement is evident: were 
the uric acid to be eliminated by the Malpighian bodies, it 
might remain there and form concretions ; whereas the 
crystals eliminated by the convoluted tubules are being 
constantly washed down by the fluid secreted by the 
glomeruli. 

The structure of the glomeruli is very puzzling, and is 
seen in no other gland. The widening of the arteries into 
the capillary system, and their reunion to form an efferent 
vessel, which is narrower than the afferent one, appear to 
be arranged for the purpose of slowing the blood and of 

• Chrwm»ctewBH, Tirchnw'B Areh., toI, kxi. p, 189: 186*; Wiltich, Arek, 
f. miknth. Anat., vol. xi. p. 77 1 18T5. 

t HeidenliBin. ibid., vnl. s. p 30 : 1874 : PflilgOT'a JrA, voL li. p. 1 : 1875. 

t Mfibins, Ardi.f. Heilh.. vol, iTiii. p. M: 1877, 

§ Wittioh. Virehow'B Areh., to!, x. p. 325: 1856: Zalosky, "TTnL Qber den 
nrmmisclien PmrCM nnil die Function der Kiere," p. 4S: TBbiDgeD, 1665; 
Heiunor, ZetUekr. /. roL Med. (3), voL xxxi. p. 183 : 1867. 
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increasiiig the preesaro. Bat we are at present incapable 
of even suggeeting a theory aa to what significance this 
precaution has in the forraation of urine, and as to what 
constituents are formed or eUminated hi the glomeruh. It 
has not been found that blood-pressure has any infiuence in 
any part of the body upon the quantity and quahty of the 
transudation formed." 

It Las hitherto not been proved that the nervous eystem 
eserciBes any direct influence upon the epithelium-cells of the 
kidney, as it has been ascertained to exercise in the case of 
the salivary glands, and as is also probable in the case 
of the remaining glands of the digestive apparatus. The 
renal nerves appear only to act upon the vessels. This 
difference might il priori have been expected. The digestive 
glands form their secretion from the normal constituents of 
the blood. The impulse to greater activity of the epithelium- 
cells cannot, therefore, proceed from the blood, but from the 
digestive canal, where the need of more secretion makes itself 
felt ; this necessitates the intervention of nerves. The 
kidneys behave differently ; for the impulse to increased 
activity of the renal cells must proceed from the abnormally 
increased constituents of the blood, to remove which is the 
duty of the kidneys. This does not necessitate any nervone 
apparatus.t 

We should li priori expect that the kidneys would be all 
the more active, the more substances there were in the blood 
to be eliminated, and the greater the amount of blood flowing 
through the kidneys in a unit of time. All the facts observed 
agree with this view. Whatever enlarges the lumen of the 
renal vessels and increases the rapidity of the hlood-current, 
such as section of the splanchnic nerve and stimulation of 

* Tide Pascbntin, " Arbeiteo ans der pliyidologTachen Anstalt it IMpiig" 
p. 197: 1872; and Enuninehaua, ibid,, p. 50: 1873. 

t Tide W. TOD ecbriJder, '■ TJeber die Wiikuns doa Caffeini kIi D 
Jreh./. Ktper. Path. u. Fharm., toL sxii. p. 39: 1886. 
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&e spina] cord, also increaeeB the qnantity of urine Becreted. 
Whatever causes contraction of the vessels and diminisliea 
the rapidity of the current, as stimulation of the splanchnie, 
mechauiaal narrowing of the renal artery, or section of the 
cervicat spinal cord, also diminishes the urine. There is at 
present no ground for assuming that the blood-pressure in 
the renal vessels has a direct influence upon the secretion of 
urine. 

From these observations on the functions of the kidneys, 
it follows that the composition op urink must necessarily be 
a, very varying one. Besides the nitrogenous end-products, 
the amount of which chiefly depends upon the proteid 
introduced, and undergoes great fluctuations, the urine always 
contains the inorganic salts which remain over from the 
decomposition of the organic food-stuffs, as well as sulphuric 
and phosphoric acids, which proceed from the oxidation and 
splittiag-up of the proteids, nucleins, and lecithins ; and 
finally we 6nd in it certain products of metabolism — notably 
aromatic compounds and oxalic acid — which are oxidized 
with difliculty, and which contain no nitrogen. Besides the 
substances which occur in large quantities and have been 
subjected to careful investigation, there are numerous other 
substances in the urine which are scarcely known, as they 
occur in such small quantities. There is also a large class 
of substances which only appear occasionally under certain 
normal and pathological conditions that are little known; 
and lastly, we meet with substances of all kinds which have 
been accidentally introduced either with food or as medicines, 
and which have not been destroyed in the body. 

In order to give au idea of the composition of normal 
urine, two analyses are appended, which I carried out on 
the urine of a young man in good health, both when on 
animal and on vegetable diet." An estimate was made of 

■ The literature of ph^siolngj, so for lu I knnv, nlTnrda an anuljaia at nrine 
in which ftll the mon importaot oonititiwota were determiuetl in the ismn 

2a 
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almost all the constituents of the urine which normally occur 
in any quantity. After two days' exclusive diet of beef, the 
urine was collected on the second day. The beef eaten was 
roasted with a little salt, the only beverage being spring 
water. In the second case the urine was also collected on 
the second day, after an exclusive diet of wheat-bread, butter, 
a little salt, and spring water. 

Composition of Twsntt-Foub Houbs* Urins aiteb a Dibt or — 

Meat. Bread. 

Entire quantity .. 1672 corns. .. 1920 corns. 

TTrea .. .. .. 67*2 gnns. .. .. 20*6 gnns. 

Urioaoid 1S98 ^ .. -. 0-253 „ 

Creatinin 2-163 „ .. .. 0*961 

K,0 3-308 „ .. .. 1-3U 

Na,0 3*991 „ .. .. 3923 



»* 
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CaO 0*328 , 0*339 ,. 

MgO 294 „ .. .. 0139 „ 

CI 3-817 „ .. .. 4-996 „ 

SO,* 4-674 „ .. .. 1*265 „ 

P,0, 3*437 „ .. .. 1-658 „ 

Both urines had a strong acid reaction. If we calculate the 
equivalent of the strong acids and bases, we find that in both, 
the sulphuric acid and the chlorine suflBce by themselves to 
neutralize all inorganic bases : 

3*308 K,0 = 2-177 Na,0 3*817 CI =3 337NajO 

3-991 NajO = 3-991 Na^O 4*674 SO, = 3*622 Na^O 

0-328 C«0 = 0-364 Na,0 . 

0-294 MgO - 0*455 Na^O 6*959 Na^O 

6-987 Na^O 

1-314 K,0 = 0-865 Na^O 4*996 CI = 4 368 Na,0 

3-923 Na,0 = 3023 Na,0 1*265 SO, = 0-980 Na,0 

0*339 CaO = 0*376 Na,0 

0-139 MgO = 216 NajO 5*348 Na^O 

5-380 Na,0 

specimen. I therefore venture to communicate these analyses, which were 
undertaken on the occasion of certain experiments relating to metabolism, and 
which have not yet been published. 

• The entire amount of, including the conjugated, sulphuric acid was 
determined. The urine was boiled with hydrochloric acid and chloride of 
barium. 
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Bnt, in addition to tlie sulphuric and hydrochloric acids, the 
urines contain also considerable amounts of phosphoric and 
uric, besides some hippuric and oxalic, acids. It would 
therefore follow that they contain free mineral acids, had not 
the organism the means abont to be detailed of preventing 
the occurrence of free strong acids in the urine. In the 
first place, there is the formation of ammonia. In the 
above analyses the ammonia has, unfortunately, not been 
determined. Normal urine generally contains from 04 to 
If9 grm. In order to convert the 1'66 grm. of phosphoric 
acid into the acid ammonia salt, exactly 0'4 grm. of NH, 
suffice ; 0'8 grm. of ammonia are equivalent to 3'44 grms. of 
phosphoric acid. A second mode of diminishing the acidity 
of the urine consists in a portion of the bibasic sulphuric acid 
being converted into a monobasic acid by union with aromatic 
combinations. 

Normal urine becomes alkaline only after a vegetable diet 
containing potash salts of combustible acids. These are 
largely present in acid fruits and berries which contain the 
acid potash salts of tartaric, citric, malic, and other organic 
acids. Aftor combustion of the acids, the potash appears in 
urine as a carbonate. The urine exhibits a strong alkaline 
reaction, and effervesces on the addition of acids. Potatoes 
cause a strongly alkaline urine, because they contain little 
albumen, and therefore little sulphuric acid ; on the other 
band, they contain much malate of potash, which is con- 
verted into a carbonate. The most important articles of 
vegetable diet, the cereals and the leguminosra, yield urine 
which is as acid as that due to a diet of meat, because they 
are rich in albumen and phosphates. 

These observations afford some hints aa to the diet of 
persona who are predisposed to the formation of uric acid, 
gravel, and concretions in the bladder. I have already shown 
that we are not fully acquainted with all the conditions of the 
precipitation of uric acid ; but we do know that the acidity 
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of the urine has to be coneiderecl as well as the amooiit 
of uric acid. Patients Bhould be forhiddeD food rich in 
albumen, but poor in bases which are able to neutralize the 
uric and sulphuric acids formed from the albumen. Cheese 
appears to me in this respect the most injurious article of 
food. In making cheese, the basic alkaline salts pass into 
the whey, and the casein, nbile undergoing combustion in 
the organism, yields large quantities of uric, sulphuric, and 
phosphoric acids, which are not sufficiently ueutralized bj 
bases. In certain parts of Saxony, as in Altenburg, where 
the people eat a great deal of cheese, uric acid calculi are 
said to be very common.* Calculus is rare in Hwitzerland, 
although cheese is also an important article of diet there, 
probably for the reasou that a considerable quantity of fruit 
is eaten at the same time. Salt moat and salt fish also yield 
a very acid urine containing much uric acid, because, in the 
process of salting, the basic salts (basic phosphates and 
carbonates of the alkalieB) pass into the lye, and are replaced 
by neutral chloride of sodium. Busslan physicians have 
informed me that in certain districts of their country, the 
people living mainly on salt fish frequently exhibit uric acid 
calculi. If it he desired to prevent the formation of uric acid 
sediments, or to diasoWe concretions that are already formed 
by the administration of alkalies, it is more sensible to advise 
the use of fruits and potatoes than to order alkaline mineral 
waters, the continued use of which may produce disturbances 
which we are unable to estimate. Because the combinatiou 
of uric acid and lithia is more soluble in water than its com- 
bination with soda or potash, it has been thought necessary 
to treat the uric acid diathesis with a few decigrammes of 
carbonate of lithia, or even with mineral waters containing 
one centigramme of Uthia to the litre. This naive idea 

* Lehmann, "Sitzuugeber. der Oca. f. Nnttir-uiiii Ueilkunde xa Dreedeu," 
p, 56: lHt:8; W. Ebstoin C'Dio Natur and R.LBndliiug lii'r U&rDsteine," pp. 
HS-ISG : Wietboden, 1661) gltca a full aL'\:ouut of tLu geographical disUibatiou 
at okloalL 
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Bimply implies ignorance of Eerthollet's law. We know that, 
in BoJutions of basea and acide, every acid is distributed to all 
the bases in proportion to their quantity. It followa that 
only the very smallest portion of uric acid will combine with 
the lithia, the largest proportion combining with the pre- 
ponderating quantity of soda, which we introduce as chloride 
of sodium. The largest proportion of lithia will reappear in 
the urine, united with the chlorine of the chloride, with 
sulphuric and phosphoric acids. There will be no increase in 
the solubility of the uric acid. 

It is well known that under pathological conditions urine 
may become alkaline, by the conversion of orea into carbonate 
of ammonia. This change always takes place when urine 
has been exposed to the air for some time, and is effected 
by certain forms of bacteria." If these organisms reach the 
bladder, the conversion may begin there, the urine becomes 
alkaline, and the alkaline earths, which were held in solution 
in the acid urine, are precipitated as phosphate of lime and 
triple phosphate of magnesia. In this way urinary calcnli 
may be formed. 

We have now become acquainted with all the ingredients 
of any importance constituting normal urine. Of the in- 
numerable substances which, besides these, are found In 
small quantities, I will describe a few so far as we have any 
definite knowledge of their object and origin. 

First, the colourino uatters. Fhysiciaus have long oh' 
served the remarkable differences in the colour of urine under 

■ p. Gnzr^enve et Cb. LiroD, Oompt rmd., t. Ixiit. p. 571 : 1877 : B. tou 
.Takaoli, Zeiluhr./. phytioL Ghent., toI. t. p. S95: 1881 ; W, Leube, SitMungibtr. 
d. phy. mat. Stie. m Erlangm, Nov, 10, 1S84, p. 4; and Virohow'a Arch., toI. e. p. 
540 : 1885. Tlie ferment may be extrutrtetl from the bacteriik, but during life thej 
do not yield it U) the mrronDiliog flnid (Musculni. Compt. rtnd., I. Usviii. p. 
132: 1871; ancl PAQger'* Arfk., vol. xli. p. 214: 1876: A. Slieridnn Leo, Jaunt. 
of Fhyiiol; ml. ti. p. 136: 1685). It uppeara, lheier<ire, that iu thH oanveruioa 
of urea into i-&rbon<te of ammonin, vlieiuical pntenttal energy ii onavertod into 
kinelie euergy. anl tiiia kinelio energy ia lued in tbe vilaL prooeaoea by tb« 
fcmentBliTe oigaDiaui (oomp. p. ISG). 
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▼arious normal and patbolo^cal eonditiaiLfi, and Imve ined to 
avail themselyee of these differences for diagnostde piixpofleB. 
The nmnerons endeaTOurs to isolate the eolouring xn&tfeers 
and to stodj their properties led to no results, becanse tbe 
qnantitj was always too smalL We have, therefore, been 
obliged to content onrselT^ with applying Greek and Lddxn 
names to these nnmeroos coloniing matters, with wldeh I 
will not trouble the reader, excepting with regard to the odIt 
one of which we know the composition and mode of origin. 
I refer to ubobilik, which was discorered bv Jaffe.* He 
fomid this reddish brown colouring matter eonstantiT in 
normal urine, and in increased quantrties in febrile urine. 
Its absorption-spectrum and the green fluoreseence which 
its anmioniacal solution assumes, especiallj after the addition 
of chloride of zinc, are characteristic. The composition of 
this colouring matter, which can only be obtained in Tery 
small quantities from urine, would not hare been known had 
not Maly t succeeded in producing it artificially by the action 
of nascent hydrogen upon bilirubin, the chief colouring 
matter of bile. This fuUy explains the invariable presence of 
urobilin in the contents of the intestine, as we have seen 
that nascent hydrogen constantly acts there upon the colouring 
matter of the bile. Human faeees are coloured brown chiefly 
by urobilin, and rarely contain any unaltered bile-pigment. 
It is quite possible that the urobilin occurring in urine is also 
derived from the intestine, though we are not forced to this 
assumption, as urobilin might also be formed in other organs. 
As a matter of fact, Jaffe found urobilin in human bile. 
Hoppe-Beyler t has since shown that urobilin may also be 
formed by the action of nascent hydrogen upon hasmatin. 



♦ IL JaiK, Virchow'f Arch., toI. xlrii p. 405 : 18C9; and CentnJb.f. d. wmed. 
Wi$tenseh., p. 241 : 1868 ; p. 177 : 1869; and p. 465 : 1871. 

t B. Maly, Centralb.f. d. med, Wi$tensch^"So. 54: 1871; AnnaL d. Ckfm. 
ToL cUiiL p. 77 : 1872. 

X Hoppe-Beyler, Ber. d. deuUch. ehem, Gei., toL tIL p. 1065 : 1874. 
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We tbM arrive- at a. simple genetic connectioD between the 
three colouring matters * — 

Hfflmatin CaHnNAPe 

Bilirubin CnH„N.O, 

UrobUin C»H„N,0, 

iKDiGot ia generally regarded as belonging to the urinary 
colouring matters, although it does not occur as each in 
urine, but a.s a colourless combination, as an alkaline indoxyl- 
Bulphate.J If concentrated hydrochloric acid, with an oxidizing 
agent like chloride of lime or solution of bromine, be added 
to urine, the conjugated sulphuric acid is split up, and the 
indoxyl is oxidized into indigo — 

■2C,H,NK80. + 0, - C„H,„NjO, + 2HKS0* 
Indoxyl-Bulphate of potash. Indigo blue. 

The amount of indigo thus formed is generally very small, 
but is rarely entirely absent from human urine. On shaking 
the colouring matter with chloroform, a beautiful blue solu- 
tion is obtained. 

We are not in doubt as to the origin of indigo in the 
animal body, as we know that indol, which is the basis ot the 
entire indigo-group, is obtained by bacterial putrefaction of 
albumen, and is uniformly found in the intestinal contents, § 
The reabsorbed indol is oxidized in the tissues into indoxyl. 
This process is completely analogous to the conversion of 
benzol by oxidation into phenol. 

* Thii genetii: ooBOMtinn ii mons Tullf disciiued in tbe next lecture, a* 
well as tho appeaiHwe of blood uD(t bile pigmenta in tlie urioe uudor patholugioal 
iranditiciiij- 

t On Uie BjDibeais and oliemical oanatitutiott or iadigo. vide K. Bnejor, Ber. 
d.deal§ch.i}ha».Gu.,lul.jLiiLp.2-25i: ISeO; and vol. liv. p. 1741 .- 1881. 

I E. Bunmnun »nd L. Btiegei, Zeittchr. /. phi/'iot. CAon., vol. iii. p. 354' 
1879. The older litoruture on tbo indigo-rormiiig tolislatioe of the tuioe u 
uppendsd. 

5 6. BodziejeirBky, Du Boi«' Ardi., p. 37: IS70; W. KQbDe, Ber. d. 
iladteh. ehem. Oea., toI. tIU. p. 20B: 1875; NencM, ibid., Tol. Tiii. p. 838: 187S; 
t^alkowaki, Zeiltehr./. pkyiot. Cheat., fol. liii- p. 417; and rol, llsii. p. 8 
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C^N + O = C.HJOH) N 
Indol. Indoxjl. 

Indoxy! combineB, like moat of the aromatic hydroiyliaed 
combinatioDs (phenol, creBol, pyrocatuchin, etc.) with snl- 
pborio acid, undergoing dehydration (p. 277). JaSe * showed 
that, after the Bubcutaneons injection of indol, tbe coojagated 
indoxyl compound reappeara copiously in the urine. 

A larger quantity of the indosyl compound has been found 
in tbe urine in intestinal obstruction. It is quite possible 
that this occurrence of large quantities of indigo might be 
utilized for diagnosis, by enabling ua to determine in which 
section of the intestine the obstruction had taken place. Jaffe 
has shown, for instance, that the increase in the secretion 
of indoxyl occurred in dogs after Ugature of the small, but not 
after ligature of the large, inteatine. This is explicable from 
the fact that albumen, which yields the material fur tho 
formation of indol, is absorbed before reaching the large 
intestine. When the email inteatine ia ligatured, tbe albumen 
BtagnateB and undergoes putrefaction. Corresponding with 
this, Jaffe has observed an increased excretion of the in- 
doxyl compound in man occurring only in obstruction of the 
small, but not of the large, inteatine. This is explained by 
the fact that the proteide, which furnish tbe indol by theit 
putrefaction, are all absorbed before they reach the large 
inteatine. Similarly Baumann has observed an increased 
excretion of the indoxyl compound in men in cases of 
obstruction of the small inteatine, but never in caaeB of fffical 
obstruction of the large intestine. 

All the other aromatic combinations which occur in the 
urine as comjuoated bdlphdric acids, arise, like the indol, fr<om 
potrefaotion of albumen In the intestine. Baumann f hta 

• W. Jafftf, Virahow'fl Areh., vol. lii. p. 72 : 1877. 

t E. BaurnBDn, " Die uromatiBolien VerbiadangHQ im Riirne nod die Dun- 
(iDlniM." ZeilKhr. /. phytiol. C%«in.,Tol. s. pp. 113-133: 1888. We putiaulaHy 
recommeDd thU ihort uid locid •UtemeDt of BittimBuii'i to the iladent. 
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shown that if a dog's inteBtine is cleared oat and disinfected 
by the administration of calomel, tbe conjugated sulphuric 
acids entirely disappear from tbe urine. If, on the other 
hand, tbe putrefactive proceeses in tbe intestine are increased 
by neutralizing the antiseptic bydroobloric acid of the gaatrio 
Juice by tbe administration of calcium oarbonate, we get an 
increased amount of the conjugated sulphuric acids in tbe 
urine." We thus see that an estimation of these acids in 
tbe urine may be of great value as a means of diagnosis, 
since we gain an insight into the intensity of the putrefactiTe 
changes in the alimentary canal. Thus, for esample, if it 
be wished to disinfect the intestine previous to resecting it, 
we can determine when this is effected, by noting the time 
when the conjugated sulphuric acids disappear from the 
urine.f 

Tbe question now arises, where and in what organs 
does the conjugation of tbe aromatic compounds, formed in 
the intestine, with Bnlpburio acid take place? Thus much 
is certain, that it does not primarily take place in the kidney, 
for after the administration of phenol, phenolsulphurie acid 
is found in the blood-t 

Phenol is a violent poison, but the phenol-sulphate does 
not exert toxic efTeots. Baumann therefore recommends 
sulphate of soda as an autidoto to phenol-poisoning. Ho 
found that when phenol was applied to a dog's skin, tbe 
animal bore tbe poison better, and yielded more phenol- 
sulphuric acid when at the same time sulphate of soda was 
administered. This would not be intelligible if the com- 
bination primarily occurred in tbe kidney. 

Baumann foimd much more conjugated sulphuric acid 
in the liver than in the blood. This renders it probable 

* A. Ksit, " Ueb. d. qtuuitilati*e BemMSHDg der anliwiptiaubcn I^utnog 
>!i>a Miigenaineii'' FttUehr. t. ErSfming d. ncium a%, Kranltenhiuittt in ffon- 
bHrff-Eppendorf ! 1H83. 

t A. Kost untl H. Bum, Mttnthmfr med Wodierwhrift, Jalirg 1888, No. i. 

t BanmftDn, Paiigtt'i Anh., rol. liii. p. 2S5 : 1874 
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that the synthesis occutb in the liver; that the poisonoUB 
aromatic combinations reaching it from the intestine are 
here subject to a transformation into innocuons com- 
binations before entering the general circulation {vide Lectnre 
XVIIL). 

As yet we have only become acquainted with two eorts of 
combinations of sulphur as constituents of the urine : the salttt 
of the ordinary bibasic and of the monobasic conjugated 
sulphuric acids. The quantity of sulphuric acid oocurring 
in the latter form in human urine averages one-tenth of 
the amount of ordinary sulphuric acid/ But there is a 
much larger number of sulphur comimunds in the orine. 
It uinne acidulated with acetic acid ia precipitated with 
chloride of barium, the ordinary sulphates are precipitated. 
If we now boil the hltrate, rendered strongly acid by the 
addition of hydrochloric acid, the conjugated sulphuric acids 
are broken up, and this portion of sulphuric acid may also be 
precipitated as a salt of barium. If this filtrate is now 
evaporated to dryness and fused with saltpetre, we again 
obtain a considerable amount of sulphuric acid. This third 
group of sulphur compounds contains from 10 to 20 per 
cent, of all the sulphur excreted in human urine. In dogs 
and rabbits, the quantity of these organic combinations 
of sulphur is much larger.t Let us now consider what is 
really known about these organic sulphur compounds, and 
their relation on the one hand to albumen, and on the other 
to Bulphnric acid. ■ 

It is not much we know, but we will endeavour to collect 
and review the fragments of oiu- knowledge. 

We are compelled to assume at least two atoms of aulphnr 

• R. », d. Voldpn, Virehow"! AreJi., vol. lii. p. 343 : 1877. 

t See Vo[t and Biachoff. " Die GeeutM der EiuithrDDg des FUiiQk&«iwerB." 
p. 279: Leipzig;, laW; Voit, ZnlKAr. /. Binhy., (nl. i. p. 127; ISSSl ml. x. 
11.216: Anm. 1874; Salkonaki, Vltchow'B JroA., vol. Iiiii. p.460: lS73i Kauktt, 
Pfluger's JreA., vol. ziv. p. 3M : 1877; R. L^jijuo, Guc'rio et FLivanl, &MM <le 
JC^iCoiM, VOL i. pp. 27, ifll : 1S82. 
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m a molecule of albumen, one oxidized and the other un- 
oiidized." If we beat albumen with potash, one sulphur 
atom goes to form sulphide of potash, the other forms sulphate 
of potash. The former may be easily recognized on boihng 
with an alkaline solution of lead osido, when it is precipitated 
as lead sulphide. The proteids such as casein, the proteid 
moiety of htemoglobin, or legumin, which are poorer in 
sulphur, do not give this reaction. Among the organic decom- 
position-producta of albumen in the animal body, we meet 
with the oxidized atom of sulphur in tauris, with the un- 
oxidized in cvstin. If we boil the cyatin with an alkaline 
solution of oxide of lead, a black sulphide of lead is thrown 
down. Of course, taurin, which we have already ahown to 
be amido-ethylsulphonic acid (p. 209), cannot give this re- 
action. 

Cystin baa the formula CsHjNSOj.t It does not occur 
in the normal organism. { We are not yet acquainted with 
tile abnormal conditions under which a large amount of the 
sulphur is secreted in the urine as cystin. It appears, 
however, that even in normal metabolism, in the course of 
the formation of sulphuric acid products, a body is formed 
which is closely allied to cystin, and is diatingnialied from it 
only by an additional atom of hydrogen, viz. eystein. A sub- 
stituted cyatein, for instance, appears in the urine of dogs 
after the administration of brombenzoL Baumami, § to 
whom we are indebted for the most searching inquiries into 

* The luteal and mont cBreTul icBearchea on the «iiiditioo of the tulphnt in 
firotoids hare bwii carried out b; A. Kriiger (Pfluger's Anh.. vol, xliii, p 
\m : 188S). CufartnDately, Kriiger did not luaku me oF pure material for his 
ri'searcbca. 

t U. Kttlz.Z(ritodir./. Siolog., vol. II. p.1: 188^ 

X Stadthagoii, Zeilichr. /. phyiiol Cham., Tol. ii. p. 129: 1881. 

§ E.liaumiiDDimdO.Prevt»e,Btr.d.dtHlK>t.<Aem.Gn..ra\.iii.p.SOG: 1873; 
ZeiltehT. J. phynul. Chcm., Vol. v. p. 309 : 1881 ; M. Jofff, B#r. d. deuUch. ehem. 
Ga.. vol. lii. p. 1092: 1870; Baumann, ibid., vol it. p. 1731: 1882; ZtiUehr. 
/. phyiel Chcm., vol. viti. p. 299: 1SS«. Vide alto E. Goldm«nn, ibid., vol. ii. 
p. 2eU: 1884. 
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the origin of cystin, regards it as a lactic acid, in which H is 
replaced by NH,, and the OH by SH : 

CH3 

I /NH, 



SH 
COOH 

The substituted cystein which appears in the urine after 
administration of brombenzol, when boiled with dilute acids, 
is broken up, with hydration, into acetic acid and brom- 
phenylcystein : 

CH3 

NH, 



|\s(CeHJBr) 
COOH 

Baumann obtained cystein from cystin by the action of 
nascent hydrogen. The oxygen of atmospheric air reconverts 
the cystein into cystin. 

CH3 CH3 



H,N— C — SH + + HS— C— NH, = H,0 

I I 

COOH COOH 

CH3 CH3 



+ HjN— C— S— S— C-NHa 

I I 

COOH COOH 

The empirical formula of cystin must therefore be doubled : 
CeHiaN2Sa04. The origin of cystin in the animal body is 
probably due to a sjrnthetic process, and possibly two 
molecules of albumen always yield the material for the 
formation of one molecule of cystin. 

The formation of bromphenylcystein would accordingly 
be a process quite analogous to that of cystin. Here again 
a divalent oxygen atom takes a hydrogen atom from cystin 
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and from brombsDzol, and effects the linking of the liberated 
alHnities : 

I I 

H,N— C— SH + +HC6H.Br = H^O + H,N-C — S (CsH,Er) 
I I 

COOH COOH 

Cystiu does not dissolve readily in water, it tberefore 
always occurs in urine as a sediment, and very occasionally 
causes the formation of vesical calculi. There are some 
people who secrete a large quantity (about one-quarter) of 
the sulphur, as cysttn, without exhibiting any derangement 
in their health. This rare anomaly of metabolism sometimes 
occurs, probably as the result of heredity, in several members 
of the same family.* 

Under normiil conditions cystin, or its antecedent 
eyatein, breaks up still further and is oxidized, and the 
greater portion of its sulphur appears in the urine as 
sulphuric acid. This is confirmed by an experiment made 
in Bauraann's laboratory by Goldmanu.t Ho gave a little 
dog "2 grms. of cystein, and found that the greater portion, 
about two-thirds, appeared as sulphuric acid in the urine. 
The remainder had nerved to increase the organic sulphur 
compounds in the mine. This view, that the larger portion 
of the sulphur of cystein is converted by oxidation into sul- 
phuric acid, is confirmed by the fact that in the cystinuria 
of man, the urine has generally an alkaline or feebly acid 
reaction. 

We know little positively with regard to the fate of taurin 
[CHi(NHj) - CH,SO^]. I have already stated that the 

• F. W. BcDeke. "GrundliniBn dor Pathologie das BtoffweoliBels," p. 265: 
Berlin, 1874. Compare also A. Niemnnii, Deutieh. Artih. f, kUn. M«d., vol. 
i»iii, p. 2K2: 187«: W. ¥. Lobimli, Liebig'a Aniuil., toI. oluiii. p. 231: 1S7B; 
W, EbBlcin, " Die Nalurand tWiiimlliing der Oicbt," p. 130; Wi,;aliad«i, 1882; 
aocl "Die Natur nnd BtlmnilliKig der HnrnBteiDe," p. 172: Witj»b«den, tS8i; 
Sladtbagen, Virahow's Arch., Tol. c. p. *lf! : 188,'i. 

t K. Qoldiiuum,2nl«eAf./.iih«nol. CAem.,Ti>l. ix.p.a69: 1885. 
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auount of sulphur which occurs as taurin in bile eonstitniM 
only a minute portion of the sulphur of the decomposed 
albumen, and ia only sHghtly increased if more albumen is 
taken (compare p. 214). It is queetionable, therefore, whether 
a taurin molecule results from each molecule of albumen, 
bile, taurin is conjugated with cholalic acid. In the intestine, 
the ferments of digestion and putrefaction doubtless cause this 
compound to break up with hydration. We do not know 
whether the liberated taurin is absorbed as such, or after 
previous change. We have not been able as yet to prove its 
presence in the fiEces nor in the urine. No satisfactory results 
have been obtained with regard to the further destination of 
taurin, from experiments * consisting in its artificial intro- 
duction into the body. If large quantities of taurin are 
administered to man or dogs, the process of absorption does 
not take place slowly enough to allow of its complete change 
into the normal end-products ; one portion of the taurin 
appears as such in the urine, another as a substituted urea : 

/H 
H 

n( 

The presence of this substituted urea has not as yet beeitl 
positively demonstrated in normal urine. In the rabbit, it ia I 
not even found after the artificial introduction of taurin. I 
Almost all the sulphur of tbe taurin reappears as sulphuric I 
and THiosDLpnoBic acid in the urine of these animals. The [ 
conversion into thiosulphuric acid, however, only occurs when | 
the taurin is introduced into the stomach ; if it is injected \ 
subcutaneously, the greater part reappears unaltered in the J 
urine. The thiosulphuric acid is evidently formed by the I 

• E. Salliowflii, Btr. d. lindteh. lAem. (Jm., vol. vi. pp. 7M, U9I, 1312: 1973; 1 
«&d Tiiohon'i AreK, toL Iviu. p. (60 : 1873. 
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processes of redaction, taking place in the intestine. In the 
normal urine of rabbits, thiosulphuric acid has not been 
foaod, though it occurs frequently in that of cats and dogs." 
In human tirine, it has only been once found in typhus-t 

SoLPHOoYANio ACID, J (CNSH), also belongs to the aulphur 
compounda occurring in the urine. Gscbeidlen found these 
acids constantly in human urine, and in that of horses, 
cattle, dogs, cats, and rabbits. On an average, one litre of 
human urine contained 0-02 grm. Munk found the average 
of three determinations to bo 0-08 grm. Sulphocyanates were 
also found in dogs' blood. Gscbeidlen proved that they are 
derived from the salivary glands. The saliva of mammals 
invariably contains small quantities of sulphocyanates, 
Gscbeidlen and Heidenbain divided all the ducts of the 
salivary glands in dogs, and thus prevented the saliva from 
entering the mouth. The alkaline sulphoeyanate was now 
found to have disappeared from the blood and the urine ; 
although it was still present in the saliva flowing from the 
wounds. It follows that, in the normal condition, sulphocyanio 
acid is formed in the salivary glands, passes with the saliva 
into the intestinal canal, whence it is absorbed into the blood 
and appears in the urine. We are ignorant as to the significance 
of these small quantities of sulphocyanic acid in the functions 
of the saliva, or in any other processes of the organism. 

Of the organic constituents of the urine, only those which 
are free from sulphur and nitrogen remain for our considera- 
tion. Lactic acid, sugar, and oxalic acid belong to this class. 
Lactic acid, however, has never been detected with certainty 
in normal urine. It has only been found in phosphorus 

* O Scbmicilehflr^. jlrcA. d- FefUr.iVol. Y[ii. p. 422: 1867: Keiwaer, Zeittfhr. 
f. raf. Sffd.. 3 ReihB, toI. x«i, p. 322 : 1868. 

t Ad. BtrDinpeU, AnA. d. Hrnlk., vol. xtU, p. 390: 1876. 

t Lcarcd, Proa. Boy. Boe., voL iti. p. 18; 1870: HBoliaiillen, "Tne^Mett i). 
47 Vers. d. Naturf, u. Aerate in BrealBU." p. H8 : 1874 ; nod Pfliiger'* Anh„ toI. 
iiT. p. 401 : 1877: Kiilz, "gitzungslier. d. Ge«. x. Berurder. d. gen, Nnlurw. in 
Uuburg," p. 76: 1673; J. Uunk, Virobow'B JnA., TOl. Ixix, p. 851: 1877. 
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poisoning, atrophy of the liver,* osteonia1acia,t and triobt- 
nosis.* On teleologieaJ grounds, we must doubt whether 
lactic acid passes into normal nrine, as this would be a wastt? 
of potential energy. The same argument applies in a still 
more forcible manner to sugar. All analyses of normal urine 
have the more positively shown the absence of sugar, the 
more carefully the investigation was carried out. Even those 
writers who assert the presence of sugar in normal urine, 
admit that tbey have only succeeded in finding it in rery 
minute quantities. § 

Oxalic acid is a constant ingredient in normal faDtaati 
urine after a mixed diet, but it never occurs except in very 
small quantity, at most 0'02 grm. in twenty-four hours' urine. I! 
This oxalic acid, iu all probability, arises from the oxalic acid 
which is contained iu the vegetable articles of food. There 
ie at present no sufficient reason for assuming any other 
source for the oxalic acid of normal urine. I was unable to 
detect any oxalic acid in the urine of a young man in good 
health after two days' exclusive diet of meat, nor iu the 
urine of another healthy young man after he had eaten 
nothing but fat moat and sugar. IT It therefore appcara thai 
oxalic acid does not normally arise from any of the three 

* BrhnltzeTi and Riesa. Aimaten dft CkarH^Erankenhaiua, vol. it.: 1869. 

t Mn-n anil Hucb, Daiitch. Ardi. f. klia. Med., vol. t. p. 4X5 : 1869, Tlw 
metbod of Leiiting used id Ihia experiment vm, howuver, niiHitiaratitorf. CQmpare 
the criliqus of Nencki and Biabcr, Jburn./. prakt. Chem^ vol. utL p. 41 : ISBlt. 

I Th. Simon und F. Wibel. Ber. d. dinUoA, oAem. Oct.. vol. it. p. 139: 1871. 

g In tbia uonnection see E. Kiilz, Pas^r's Aritk., toI, liii. p. 269: 1876; i 
M. AbelM. Omtralb. /. d. med. WiMienvJi., Nos. 3, 12, 22 ; 1879 ; J. Seegen, iUd., 
Ntw. 8, IQ : Begaliu Huaealtilli, Holoti^'linlt'H Vnt»: nr Tfaturlthre da$ JbnaftcM 
u. d. Th., Tol. liii. p. 1U3: 18S1. L. v. LtdruDuk;, XeiUMAr./. phgniit. Chm., voL 
IU. p. 377 : 1888; and Serida. d. ttalur/orxA. GaelUdi. i. FreOmrg. i. B., ToL ir. , 
put T. : 1869. Compare the woiks quoted on pp. 281. 2S2. on glyoumnia aoid. 

I P. Pilrbringer, DeMieh. Arek. f. klin. Mud., vol. iviU. p. 143: 1876: An 
■moDntof tlielileratureoQ the Gietetion of oxalic aoidisgiteii bere. FQrbrillgiW 
adopl»l Neutmu.r's method. O. Sahultzea (Du Boiii' JreA,, p. 719: 1868) | 
found higher values by employing annthar nclhod. A eritiqne oT Inth metbiMl* 
ia niTea by Wegluy Millii.wliose reaeurcbes on tlie sotiject <rere ooiriod out uadn 
Salkowski. ViroLoo's Jnib.,vol. leix. p. SOS: 188.% 

1 I made use of NoubKun*! method ia teatiiig toi it. 
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main classes of food. But the oxalic acid contained in 
vegetable articles of diet mnst pass into the urine. The 
latest experiments carried out byGaglio* in Schmiedeberg's 
laboratory at Strasburg, show tbfit oxalic acid is not de- 
stroyed in the human body. No oxalic acid was excreted 
either by a dog that was starving or by one that was fed on 
meat.t But if only from J to 1 mgrm. of oxalic acid or of 
oxalate of soda was injected subcutaneously, the presence of 
oxalic acid was demonstrated in the urine within the next 
twenty-four or forty-eight hours. If a neutral solution of 
oxalate of soda was injected into the crop of a cock, nearly 
all the oxalic acid was found in the discharge of the cloaca. 

It seems, however, that, under abnormal conditions,! oxalic 
acid may appear as the result of metabolism, owing to an 
imperfect oxidation of articles of diet. Medical literature con- 
tains numerous cases illustrating increased excretion of oxalic 
acid in jaundice, scrofula, hypochondriasis, and other diseases. 
We even find oxaluria spoken of as an independent disease. 
But we seek in vain for trustworthy quantitative determina- 
tions, with due consideration of the constituents of the food. 
The conditions underlying the occurrence of oxalic acid in the 
urine have great practical interest, because oxalic acid may 
lead to the formation of calculi. The lime salt of this acid 
is well known to be insoluble in water; hence this salt is 
frequently to be found in urinary sediments in the well- 

• Gaetano Gsclio, ArrJt. / eiper. Path. «. Pharm.. ml. ixii. p. 246: 1887. 

t In contradiction to this uccouut of Gaglin'e, we find it stated bj W. Mill 
(Yiictiriw'B Ari-h., vol. icii. p. 305: 1885) that ho detectuil minat« quantities 
of oialio Boiil in the urine of dogi fed excluiiivel; on moat or on meat and 

i In this respeot, ve ehonld note tbe atatementa of Oaglio, who nDiformly 
fauDii osalio acid id tile urine of frogi, when he arrestoH thdir nnunular mote- 
meDta bf destraotioD of the apiual cord, bf pBiBlfting poiaona, or b; loerii 
fixation ("Giornale della B. accn.]. di mad. dl Torino," p. 179: 18S3); and al» 
those of Hummtrbactier. who foiiad the excretion oroinlia aaid jnorooaed la doi{< 
after the mlmiulBtnition of bicarbonate of Boda (Pflu^r'a Ardi., vol. xxitiL 
p. 89 : 1883). Thin effect of bicarbonate of aoda waa not coolimieil bj Fiiibrluger 
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known octahedral form. If the oxalate is precipitated in the 
bladder, it may lead to the formation of vesical calculi. 
The solution of oxalate of lime in the urine depends mainly 
on its acidity. A solution of acid phosphate of soda dissolves 
oxalate of lime.* We can thus explain how it is that oxalate 
calculi sometimes form under similar conditions as phos- 
phatic calculi, and that occasionally vesical calculi consist 
of both ingredients, mixed up together or in concentric 
layers. I wish again to lay stress on the fact that increase 
in the sediment of oxalate of lime does not justify the in- 
ference that there is an increased secretion of oxalic acid. 
This erroneous conclusion has led to many mistakes. 

* G. Nenbaner, Arch. deB Vereins fSr gemeinaehaftUehe Arheiien wmt 
FOrderung der wineMchaftliohen HeUkundSt voL i^. pp. 16, 17: 1S58; and 
Moddermann, NederL Tijdschr, : 1864, summarized in Schmidt's JaMmeker der 
getanmUn Med. Jahrg,^ Yol. czxT. p. 145: 1865. 
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METABOLISM IS THE UVER — FORUATION OP aLYCOOBN. 

Wb now approach one of the most inTolved and difficult 
sabjects in the whole range of phyeiological chemistry: the 
changes occurring in the liver. 

Like the kidney, the liver baa to fulfil the function of 
maintaining the uniform composition of the hlood. While 
the kidney removes all superfluoua and foreign ingredients, 
the liver revises everything before it enters the blood. For 
this reason, it is interposed in the current that passes &om 
the intestine to the heart. We have seen how it guards 
against the blood being overwhelmed with sugar, while, on 
the other hand, it prevents a deficiency of this important 
article of nutrition in the blood (pp. 219-220). We have also 
seen that it is constantly converting ammonia, which is a 
i-irulent poison, into harmless combinations, such as urea and 
uric acid (pp. 326, 344). Similarly, the liver converts the 
equally poisonous aromatic products of putrefaction, which 
originate from the proteids in the intestine, into harmless 
compounds, by conjugation with alkaline sulphates (pp. 
360-362). We also know that many poisons, especially 
metals, are arrested in the liver. 

It also appears that the system of innervation of the 
liver is identical with that of the kidney. We have not 
hitherto been able to prove a direct influence of nerves upon 
the hepatic cell. The functions of the liver, like those of 
the kidney, are regulated directly by the composition of the 
blood. This fact also indicates that the chief duty of tha . 
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liver couaiatB in regulating the composition of the 
(compare p. 35*2). 

In addition to this function, the liver, as we have already 
seen, performs that of secreting bile. We have already 
mentioned the gronndB for our belief that bile is not merely 
an accidental product which is excreted during the essential 
changes taking place in the liver, and removed by the in- 
testine, but that it is a secretion which performs important 
duties in the proceesea occurring in the bowel (vitle supra, 
pp. 207, 213-217). 

All these facts tend to show that the liver, the largest <rf 
all glands, is the seat of numerous and comphcated chemical 
changes. It has been hoped, hy comparing the compoBttioa 
of the inflowing and outflowing blood, to obtain an insight 
into these processes, or at least to suggest certain fruitful 
inquiries. Numerous comparative analyses have been made 
of the blood in the portal and hepatic veins.* But when 
consider how large a quantity of bluod passes through the 
liver, and how trifling the amount of bile and Ijonph formed is 
in comparison, we can scarcely expect to be able to demonstrate 
marked differences in the composition of the iuflowing and 
outflowing blood. It is probable that the difTerences in the 
analyses of the blood of the portal and hepatic veins ar« doe 
to experimental errors, for they have been smaller in propor- 
tion to the care bestowed on the analyses, and, in the mo«t 
reliable determinations, are within the hmits of unavoidable 
errors. 

There is only one article of diet which we should expect to 
find increased in the portal blood during digestion, i.e. sugar. 
While food rich in carbohydrates is undergoing digestion, snch 
large quantities of sugar are absorbed in a brief period that, 
if thej are retained in the hver, the portal blood must contain 

* O. Flligge gives a critical account of tbeao worke, ZeiUehr. /. Bielog^ «o). 
xiii.p. 133: 1877; compere nlso W. Droadoff, Zeittehr.f. phgiiU. OAnn.. ml L 
p. £38: lt(77. 
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more sugar than the remaining blood. This fact has been 
prOTed, as I have already mentioned (vide supra, p. 219). 

Another method of obtaining an insight into the pro- 
ceaaes occurrmg in the liver would conaiat in extirpating that 
organ, or at least in isolating it from the circulation of the 
blood, and noticing what cliaugeH take place in consequence 
in the animal metabolism. In this way we might hope, in 
the first instance, to decide whether the constituents of bile, 
the biliary adds and pigments, are formed in the liver or are 
conveyed to it by the blood. If the latter were the case, the 
liver would he only an excretory organ, and its extirpation 
would cause an accumulation of the bihary constituenta in 
the blood and in the organa. 

We have already seen, when discussing the question as 
to the locality of the formation of hippuric acid, that frogs 
survive the extirpation of the liver for several days, hut the 
experiments which have been carried out with reference to 
the present question, have been inconcluHive, because the 
inquirers were unable to overcome the difficulties which 
present tbemeelves in the endeavour to demonstrate the 
constituents of bile in the organs of the frog." 

I have already repeatedly mentioned that, on account of 
the accumulation of blood in the portal system after extirpa- 
tion or isolation of the Uver in mammals, thia operation has 
not aa yet been successful in them (p. 314). In discusalng 
the formation of uric acid, we have seen that this difiioulty 
does not present itself in birds, owing to their possessing a 
normal communication between the portal and renal veins 
(p. 343). Naunyn, Stem, and Minkowski have utilized this 
circumstance, in order to determine the question as to the 
seat of the formation of the biliary eonatituents in birds. 

* Tbeia eiperimants are t^ritioized b; Hans Stern, Arch, /. exper. Path. u. 
Fharm., vol. lis. pp. 42-14 : 1685. Konu of tliu uiperimiintura hna proved, bf 
oontrol-HXpcrimouts, tLat he oud demoiutrate amull quautitiea of biliiu7 oon- 
sCitoMili in frogi' tiuue. 
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Stern ' ligatured tbe bile-ducts and all the veasela passing 
to the liver in pigeons, including not only the portal vein 
and tbe hepatic artery, but also the small veins. After 
from ten to twenty-four hours, the animals were bled to 
death. No eecretion of urine had taken place after the 
operation, as renal activity always ceases in pigeons after 
ligaturing the liver.t If the biliary constituents were formed 
outside the liver, they would now accumulate in the blood 
and in the tissues, as they would have no exit. Stern paid 
special attention to the biliary pigment, which is easily de- 
monstrable ; but it was nowhere to be found, not even in 
the serum, on tbe application of Gmelin's very delicate test, 
nor in any tissues or organs ; there was no icteric discoloura- 
tion anywhere. On tbe other band, if in pigeons the bile- 
ducts only were ligatured, biliary pigment was found after 
an hour and a half in the urine, and with perfect certainty 
in the serum after five hours. It follows, from these valuable 
inqairiea, that tbe colouring matter of bile is formed in the 
liver. 

The same applies to biliary acids. This has already 
been proved by an inquiry carried out by FleischI t in Lad- 
wig's laboratory. Biliary acids cannot be shown to exist in 
normal blood.§ If the bile-duct be ligatured, the biliary 
constituents pass into the lymphatics of the liver, and 
thence direct through the thoracic duct into tbe blood. If, 
after ligaturing tbe bile-duct, a canula be introduced into tbe 
thoracic duct, so as to collect the chyle, bile-acids may be 

• Hbbs Blem, Arek.f. «rper. Path. u. PAorm., vol. lii. p. 39: 1885. 

+ FovIb, duuka, and geme continue %o aecrete utinu after the livif ho* been 
ligatured and oilirpati'd (Mintowski and Nuunjn, jlrcA. /. exper. Paih. m- 
Pharm., ¥0l. xx\. p. 3; 1886). 

X E. FleischI. BtT. d. k. sSefu. On. d. WittenKli., Matli. physikftl. CluM, 
BitEQUg Tom 8 Mai, p. 42 : 1874. Tida slao KulTeratli, Du Boia' Anik., p. 9S : 
1B8D. 

% We mtiai, hovever, aeEame Ihut trucen of biliarj B<?ida dn ncriur in normki 
hlood, aa Ibey are absorbnl ftom tbe inleatiDe. Dragendortf {Zeitfhr. f. anal, 
Chem., vol. li, p, i'u : 1872:) buU Job. Huuc (Dieeert. ; Dorput, 1873J (oniid 
tnoM in Dornwl bumaa uriue. 
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shown to be contaiaed in it. If the bile-duct and the 
thoracic duct be ligatured at the Bame time, the latter becomcB 
distended with IjTnpb, but no trace of bile-acids can be fonnd 
in the blood. 

The observations of Minkowski and Naunjn " perfectly 
harmonize with the results obtained by Fleisobl, as the 
former, after shutting out the liver from the circulation, were 
never able to prove the existence of bile-acids in the blood. 

We are, therefore, certain that the speciBc constituents 
of the bile-acids and pigments are formed in the liver. ^X 

We now come to the question as to the origin of the 
specific biliary constituents. "With regard to the biliary 
acids, their nitrogenous moieties, glycocoU and taurin, are 
doubtless derived, as I have already sliown (pp. 200, 363), 
from albumen. Cholalic acid, which is non-nitrogenous, does 
not necessarily originate in the same material. It is con- 
ceivable that it may be derived from another source, and 
Bubseqoently combine with the nitrogenous compoands by a 
process of syntbesia, with losa of water ; this would be 
entirely analogous to the mode of formation of hippuric acid. 
We should note the small amount of hydrogen contained in 
cholalic acid (pp. 208, 209). If it be formed from fata or 
carbohydrates, the carbon atoms of the molecule must become 
linked by two bonds of affinity instead of one, as in the case 
of these two classes. This would only be a further proof that 
syntheses occurring in the animal are as complicated as those 
occurring in the vegetable cell. 

The colouring matter of bUe, bilirnbin {-dde p. 210), 
almost certainly arises from the colouring matter of the blood, 
h^matin. The following facts support this view. 

Biliary pigments are only found in animals whose blood 
contains hffimoglobin, i.e. the vertebrata. The invertebrata 
have not hitherto been shown to possess them. It might be 

• Hinkowiki and Naunj-o, Jrofc. /. exper. Path. u. Pharm., vol. ixi. p. 7 : 
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objected that this depends npan some other peculiarity of the 
vertebrata, ae blood-eells containing hemoglobin are not the 
Bole featore which distingoidiee the vertebrata from the in- 
vertebrata. With regard to this, it is interesting to ohsenre 
that the ampbioxus, which has no red blood-corimscles, hnt 
which, from its whole structure, belongs to the yertebrata, 
forms no bile-pigment. Hoppe-Seyler * has searched for 
it without success. It is well known that the liTer of the 
amphioxus is a mere caecal appendage of the intestine, the 
gland being only indicated as in the embryos of the higher 
Tertebrata. 

It is almost certain that there is a genetic relation 
between bile-pigments and hflsmatin, if we compare their 
constituents (compare pp. 58-59, 210, 250) : 

Hsematin C32HsN404Fe. 

Bilirubin CaHagNA. 

BiUverdin CaHasNA. 

The following fiict may also be brought forward as an 
argument : in extravasations of blood, the colouring matter of 
the blood disappears, and in place of it we find a crystallized 
pigment, which Virchow f was the first to examine carefully, 
and named hssmatoidin.^ The same writer pointed out its 
resemblance to bile-pigment.§ Subsequently Bobin,] Jaffe,1[ 
and Salkowski ** proved the identity of baematoidin and bili- 
rubin. Langhans tt took the blood from the vein of a living 
pigeon and injected it under the skin of the same animal; 
after two or three days the colouring matter of the blood 

ft 

• Hoppe-Seyler, PflUger's Arch., voL xiv. p. 399 : 1877. 
t Virchow in hia Areh., voL i. pp. 379, i07 : 1847. 
X Virchow, loe. cit., p. 445. 
§ Ibid., loe. eit., p. 431. 

II Bobin, Compt rend., t. xli. p. 506 : 1855. Robin obtained 3 grms. of hmnA- 
toidin crystaUi from an hepatic cyst, and analyzed them. 
1 JaflK. Virchow'8 Arch., vol. xxiii. p. 192 : 1862. 

♦• E. Salkowski, Hoppe-Seyler'a Med. Chem. Untert., Heft iii. p. 436: 1868. 
tt Th. LanghaoB, Viruhow's ArcK^ yoL xlix. p. 66 : 1870. 
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had disappeared from the flubcntaneona clot, and waa 
replaced by bllirubiii and biliTerdin. Quincke" perfurmed 
the same experiment on dogs. In this case the conversion 
occnpied more time ; the bilirubin did not appear in the 
subcutaneous injection before the ninth day. Cordoaf 
injected blood into the abdominal cavity of dogs, aud found 
bilirubin after so short a time as tbirty-six hours. Finally, 
Recklinghausen t has seen bile-pigment formed in the blood 
of frogs outside the body, after from three to ten days. 

Our clinical experience entirely accords nith these experi- 
ments upon animals, for we see that after haemorrhages under 
the most varied conditions (in cerebral btemorrhage, in 
pulmonary infarcts, in bstmatocele, in extravasations depend- 
ing upon mechanical injury, in abdominal htemorrhages 
consequent upon extrauterine pregnancy, in rupture of the 
ovary, etc.). urobilin (tTide p. 858), the product of the con- 
Tersion of biUrubin, occurs in large quantities in the uriue.§ 

Bilirubin is sometimes found in the urine, if from any 
cause hremoglobin passes out of the blood -corpuscles into 
the plasma. This may be brought about by the injection of 
water iu large quantity, of cblorotorm, ether, or glycerin, 
into the blood, or merely by the injection of a solution of 
botmoglobin-S It may, however, be questioned whether the 
relation is as simple as it appears, and whether the bile- 
pigment occurring in the urine is formed from tha hiemo- 

• H. Quincke, Virchow'a Arch., lol. iot. p. 125: 1884. 

i Uerin. CorduA, " Uuber den Resnrptioaauiectianisuiiu tod Bluterguseen:" 
Berlin, Hiraohw»ld. 1877. 

I Reokliii^hausaii, " Utindbh. der allgem. Pnlliolog, d. KreiikiifBa and der 
Eni&hruug." p. 434 : Stult^rt, Enku, 1883. 

S E. vdh BcTgninnti. " Dio Btrnverletzangon mit Bllgemeinen and mit 
HerdEjmptomi-ii," in R. Volkmanii'a Bammiung kUnUrhut Vortrage, No. 190 : 
l^iplig. Breitkopf and U&rtel, 1881 ; B. Dick, Areh. / Gf/nakalogU, voL ixui. 
p. \ : isa4. 

II Killine. YiTchair's Anh., toI. sir. p. 338: 1H58. M. Hurroann, " De 
pfTeotu Mngnini* diluli in (eorslioDem uiiou," Dieacrt inaiig, : Beroliui, 1859. 
Nothnmgel. Arrl. Uin. WoAemteltT, p. 31 : 1860. TurobuoO; PHuger'ii Arch., toL 
is. p. 53 : 1874. 



378 LECTURE XVIU. 

globin th&t has passed into the plasma within the circulation. 
The connection is probably one of an indirect character.* 
The presence of hemoglobin in the plasma sometimes 
only causes htemoglohinnria, sometimes both hie moglobia aria 
and bihrubinuria, or, again, bilirubinoria alone ; sometimes 
neither of these occurs. Wo have not yet satisfactorily 
settled the conditions under which the unaltered coloaiiDg 
matter of blood or its product is found in the urine. 

We have seen that bile-pigment is normally formed in 
the liver, but the observations made upon estravasationa of 
blood show that in abnormal conditions it may also arise 
elsewhere. Hence it has been asked whether the bile- 
pigment occurring in jaundice is invariably formed in the liver. 
The most freqnent cause of jaundice, which is characterized 
by the appearance of bile-pigment in the tissues and in the 
urine, is well known to he a narrowing or a complete occlusion 
of the bile-ducts. This generally occurs at the orifice of the 
common bile-duct, in consefiuenee of catarrh of the duodc^nntti, 
or from the presence of biliary calculi, tumours, and the like. 
In this way the bile is blocked up, and reaches the lymphatics 
of the liver, passes into the blood through the thoracic duct, 
and thus into all the tissues and the urine. We term this 
form, obstructive, mechanical, or hepatogenous jaundice. In 
contrast to this, an an-hepatogenous, hsmatogenoua, or 
chemical jaundice t has been assumed, which was attributed 
to a conversion of the colouring matter of blood into bile- 
pigment outside the liver. A case was assigned to the latter 
class when no definite lesions could be discovered in the liver, 
and when, the flow of bile into the intestine being apparently 
unchecked, the fceces did not exhibit the "clay colour" 
characteristic of jaundice (compare p. 215) ; moreover. 

• VideE.8taMiaAmi,ATeh./.expfr.Falh.u.Phann.,vn\.iT.p. S31: I8B8. 

t H. Quincke, Vir'how'e Arrh., vol. icr. p. IS5 : ISSl. Hiiiknwoki knd 
Naunyn, Arch. /. exp. Path. u. Pharm.. vol. iii. p. i : 188l>. A eiiticiU ooronnt 
nf the rampraheiiiive litorotuto ou Uie vuioua lariaa of jnundico is given bj 
tfaEEe an thorn. 
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certain forms of poisoning, aa from araeniuretted hydrogen, 
ohloroform, ether, fungi, and certain aovere infective dieeaaea, 
like typbua, malaria, pyiemia, gave countenance to thia 
view. In many of these cases, a passage of hajmoglobin 
from the blood-corpUBclea into the plasma could be directly 
shown under tlie microscope. Stromata were also occasionally 
found in the blood, and haemoglobin was eeen to pass into j 
the ui'ine. It was, therefore, considered that in these oases 
a portion of the hiemoglobin, which had passed into the 
plasma, had been converted into bilirubin outside the liver. 

One might have expected to he able to distinguish the two 
forms of jaundice by the passage of the biliary acids into the 
urine, together with the bile-pigmenta in obstructive but not 
in hsematogenous jaundice. But it ia manifest that the hile- 
acida are speedily destroyed after their passage into the blood; 
even in undoubted obstructive jaundice, their presence in the 
urine cau sometimea not be traced. On the other hand, they 
are sometimes discovered in small quantities in normal urine 
(compare p. 374, note §). Large quantities of bile-acids in the 
urine certainly allow us to conclude that we have to do with 
obstructive jaundice; but their absence does not justify the 
inference that we have to deal with the hfematogeuous form. 

More recent research haa proved that there ia not at 
present any sound haaia for the conclusion that the bile- 
pigment occurring in jaundice has any other source tbao the 
liver. 

Minkowski and Naunyn * removed the liver of a goose, 
and immediately exposed it and a healthy goose to the 
influence of arseniuretted hydrogen. After half an hour, 
the control goose evacuated urine containing bihverdin in 
considerable quantities, and which continued to be secreted 
for two days. On the other hand, the urine of the goose 
without the liver at first only ehowed a minute quantity of 

■ Minkomihi and Nannyn, loe. eil., p. 18. Compftre also VaJoutliu, ArA.f. 
txper. Path. «. Pionii., voL hit. p. «2 : 1888. 
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biliverdin; but after half an hour's exposure to the poison, 
hiemoglobin appeared in the urine, and the urine subaeqneuUy 
discharged was perfectly free from bile-pigment. The blood 
aUo contained neither bilirubin nor bihverdin. It ia, there- 
fore, extremely probable that the bile-pigment appt^ariog in 
the urine after poisoning with arseniuretted hydrogen has 
its source in the liver. 

According to my view, every form of jaundice is induced 
by obstruction. We must not forget that it is nut necessary 
that the larger bile-ducts should be completely obstructed, 
to ensure the passage of bile into the blood. The slightest 
disturbance, the least arrest of the flow from the primary bile- 
ducts, BiilBces to induce it. 

So long as there is an unimpeded flow into the intestine, 
the biliary colouring matter follows this route, and does not 
pass into the urine. Tarchanoff injected a solution of bile- 
pigment directly into the blood of a dog with a biliary 
fistula, and found an increased secretion of bile-pigment 
in the bile which proceeded from the fistula; but there was 
none in the urine.* We may therefore assume that, wbeneTer 
biliary colouring matter occurs in the urine, it is a sign of 
biliary obstruction. The bile-pigment which ia formed in 
extravasations of blood reappears, as already said, not in 
its original form, but reduced to urobilin, in the urine. W« 
need not he surprised at such a reduction taking place in 
the tissues, as we know from the researches of Ehrlich that 
very energetic proceaaea of reduction occur in many organs 
and tisBUes.t Ehrlich injected into hving animals blue 
colouring matters, aa alizarin blue, indophenol blue, which 
are decolourized by the withdrawal of oxygen. These oolonring 

• Tarchanoff, PflQget'B Arch., vol. i». p. 332: 1874. Adolf VossiuB baa eon- 
flrmed tlnse resulta b; fteili expeiiiueiita iArch. /. taper. Fath. u. Pham.. toL 
XL p. 416: ltlT9}. Vide alao A. Kuukel, Viroban'a Arah., vol. liiii. p. 403: 
18S0. 

t P. Elirliob. " Oa» Sauenluffbcdiirfiiiss dee Oigauiaiuus: " Btrliu, Hiraohwald, 
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matters circnlated in the blood-plasma wUhont being altered. 
Bnt in certain tissufs, especially in the connective and 
adipose tissues, thoy were decolourized. When a section 
was made into the tisaues, they at first appeared cohmrlesa ; 
the bine colour did not appear until the oxygen of the air 
had operated for some time. Possibly the reducing power of 
the tisHues explains the increased excretion of urobilin which 
accompanies the fading of jaundice. The bilirubin which had 
penetrated the tissues during the biliary obstruction now 
returns to the blood as urobilin, and passes oat through the 
kidneys into the urine." 

The obstruction of the bile which occurs in the jaundice 
resulting from poisoning by arseniuretted hydrogen is probably 
caused in the following manner. There is an increased 
secretion of bile, for the intestine in the poisoned animals is 
loaded with bile. It is, therefore, perfectly plausible to 
assume that the copious inspissated bile cannot discharge 
itself quickly enough, and that this alone suffices to induce 
obstruction ; t for the pressure in the bile-duets is very slight, 
and is counteracted by a trifling resistance. ^ Stadelmann § 
has convincingly shown that the jaundice resulting from 
poisoning by arseniuretted hydrogen or toluylendiamin is 
due to obstruction. When dogs with biliary fistulie were 
poisoned with these substances, there was a great increase of 
bile in the secretion, which was, moreover, very thick and 
tenacious. They never found catarrh of the duodenum, 
nor occlusion of the common bile-duct, in their numerous 
autopsies. It was palpable that jaundice resulting from the 
action of toluylendiamin was due to obstruction, from the 

• Vide Kujikel, toe. dL, p. 463. ConipBre alio Qniocbe, loe. eil., p. 138. 

t Minkowski and Nuuiijp, toe. dl., p. 12. 

I HaidenhiLiii. in Heruuiua'a " Uandb. d. Phyfliol.," vol. t. part i. p. 368 ; 
Uipiig. Votfal. 1883. 

S E. 8UdelDiaD. Areh. /. exper. Path. u. Ptiarm., vol. liv. pp. 2.11, «!2 : 
1881; Tol. IT. p. 337: 1882; xol. xri. pp. 118, 221.- 1883. Compare also 
Afouatiew, ZdUehr.f. klin. Mtd., Tol. vi. p. 281 : 1883. 
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liver conaiats in 
(compare p. 35'2). 

In addition to this function, the liver, as we have already 
Been, performs that of secreting bile. We have already 
mentioned the grounds for our belief that bile is not merely 
an accidental product which is excreted during the essential 
changes taking place in the liver, and removed by the in- 
testine, but that it is a secretion which performs important 
duties in the processes occurring in the bowel {rule tupra, 
pp. 207, 218-217). 

All these facts tend to show that the liver, the largest of 
all glanda, ia the seat of nnmeroua and complicated chemical 
changes. It has been hoped, by comparing the composition 
of the inflowing and outflowing blood, to obtain an insight 
into these processes, or at least to suggest certain froitfal 
inquiries. Numerous comparative analyses have been made 
of the blood in the portal and hepatic veins." But when we 
consider how large a quantity of blood passes through the 
liver, and how trifling the amount of bile and lymph formed ie 
in comparison, we can scarcely espeet to be able to demonstrate 
marked differences in the composition of the inflowing and 
outflowing blood. It is probable that the differences in the 
analyses of the blood of the portal and hepatic veins are dne 
to experimental errors, for they have been smaller in propor- 
tion to the care bestowed on the analyses, and, in the moat 
reliable determinations, are within the limits of unavoidable 
errors. 

There is only one article of diet which we should expect to 
find increased in the portal blood during digestion, i.e. sugar. 
While food rich in carbobydrates is undergoing digestion, snch 
large quantities of sugar are absorbed in a brief period that, 
if they are retained in the liver, the portal blood must oootain 

* 0. Fliig^ glTes ft criticftl oocouDt of these works, Zeitickr. /. BUilng., vol. 
xiiLp. 133: 1877: oompure also W. DroBtlaff. Zeiliohr./. phyiiul. Chen^veiL L 
p. 303: 1877. 
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more sugar than the remaining blood. This fact has been 
proved, as I have already mentioned {viile supra, p. 219). 

Another method of obtaining an insight into the pro- 
cesses occurring in the liver would consist in extirpating that 
organ, or at least in isolating it from the circulation of the 
blood, and noticing what changes take place in consequence 
in the animal metabolism. In this way we might hope, in 
the first instance, to decide whether the constituents of bile, 
the biliary acids and pigments, are formed m the liver or arc 
conveyed to it by the blood. If the latter were the case, the 
liver would be only an excretory organ, and its extirpation 
would cause an accumulation of the biliary constituents in 
tbe blood and in the organs. 

We have already seen, when discussing the question as 
to the locality of the formation of hippuric acid, that frogs 
survive the extirpation of the liver for several days, but the 
eiperiments which have been carried out with referenca to 
the present question, have been inconclusive, because the 
int^uirers were unable to overcome the difficulties which 
present themselves in the endeavour to demonstrate tha 
constituents of bite in the organs of the frog.* 

I have already repeatedly mentioned that, on account of 
the accumulation of blood in the portal system after extirpa- 
tion or isolation of the liver in mammals, this operation has 
not as yet been successful in them (p. 814). In discussing 
the formation of uric acid, we have seen that this difficulty 
does not present itself in birds, owing to their possessing a 
normal communication between tbe portal and renal veins 
(p. 343). Naunyn, Stem, and Minkowski have utilized this 
circumstance, in order to determine the question as to the 
seat of the formattoo of the biliary constituents in birds. 

* These eiperimeuta sre criticised bf Hanfl Stem, Arch. f. txptr. Path. u. 
Pharm., vol. lii. pp. -IS-H : 1885. Nods of tbe experimenters tiai proved, b; 
i^oDlial^eiperimoDls. that he eon demoiutrftte Bmidl quantUioB of biliary con- 
stilaeiit* in itagt' tinue. 
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after nine dttys' starvation, etill contained from 1 to 2*4 per 
cent, glycogen," As we shall see directly, glycogen is the 
material of muscular work. It disappears entirely from the 
muscles and liver after fatigue and want of food ; t and 
sootier from tlie liver than the muscles.^ It may be token 
as a fact that the organs which are at rest give np their 
store of glycogen to those that are working, when there is an 
insufficient supply of food. 

It is probable that glycogen is conveyed from one part of 
the system to another in thu form of grape-sugar. When 
broken up hy ferments, glycogen is oouverted, in the first 
instance, into a carbohydrate resembling dextrin, and into a 
variety of sugar resembling maltose. § But in the living 
body, the passage of the glycogen from the tissues into 
the blood, causes a further advance in this change, and the 
glycogen is as completely converted into molecules of grape- 
sugar as it would be by boiling with dilute sulphuric acid. 
The majority of inquirers have been unable to show the 
presence of glycogen or of any colloid carbohydrates in the 
blood, n 

Glycogen is not only a sonrce of power for the muscles ; 
it is likewise a source of heat. If we lower the temperature 
of a rabbit by cold baths and cold air, all but minute traces of 

• G. AUlehoff (Kiilz'e Inboratory). Ztrilnrhr. f. Biotoff., vol, ixv, p. IB2 : 1888. 

t B. Luctuinicer, " Eiperimenlelle nnd kriiiaclie Bettr&gc zur Phyiiologie 
md Palliolngie des Gljoogens," VipHeljalir»ehr. der ZfinoA«r Hatar/ortehmdai 
GtteUtckan : 1S75. Bee nl>o Pfliigor'a Jnh., vol. xviii. p. 472 : 1878. G. 
Aldohoff, ZriUehr. /. Biofog.. vol. M». p. 137; 1889. 

X Aldehotr, he. rit. 

S 0. Nbim. Pfldger'B Anh., vol. \U. p. 478: 1877: Haiaului and von 
MariDg, ZeiUchT. f. phytiol. Chem., vol. ii. p. 413: 1878; E. Kflli, toe. *«, 
pp. 52-57 and 8I~84. 

H O. Nasie, " Da mnteriia amylaceia, nnm in ean^ine animaliain LaTeniantiiri 
dUqniaitio," Dissert.: EBlie, 1866; Hoppe-Se;]er, "Pliydol. Oliero.." p. MS: 
Berlla,1881. 8tiI(uiioDcoine9todt0VrentcTinolusir<i]B{DeuUe^i»r[l. Woehr^tiAr^ 
No. 35 : 1877), Preriche ('■ Ueb. d. Diabetea," p. <j : Berlin, 1884) also oaaua ip 
the conoliuinn that there ii vonatanlly a umall amount of glycogen in the blood, 
for the moat part contained in tho white blood -oorpiuoles. Ttiis, however, ia Dot 
k pecnliaiitf oC leuoocytei^ bnt ia probably oommoa Id all oelU. 
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6 ^yoogen is found to have disappeared from the liver after 
a few houTB." Starvation deprives warm-blooded animals 
more rapidly of their glycogen than cold-blooded animals, 
and among the former small animals with a relatively large 
surface lose it sooner than the bigger ones.t Starving rabbits 
lose their glycogen in from four to eight days ; doge not before 
two or three weeks ; frogs, in summer, after from three to sis 
weeks. Frogs which have had no food during the whole 
winter do not show an entire absence of glycogen until the 
spring. Hibernating mammals are equally slow in con- 
suming their store of glycogen,! 

If we introduce carbohytlrates into the stomach, or 
directly into the blood of rabbits, whose liver, after sis days 
of starvation, has been rendered quite free from glycogen, e. 
large amount of glycogen is found in the liver after a fev 
hour8.§ 

It is probable that the glycogen stored in the liver and 
the mUBclee is not derived exclusively from the carbohy- 
drates of the food. It appears that the albuminous and 
gelatinous substances of the food also take part in the for- 
mation of glycogfu. Animals that have been exclusively 
fed for a considerable period on lean meat, exhibit large 
stores of glycogen in their liver and muscles. Naunyn || fed 
fowls for & long time (in one experiment for six weeks) 
exclusively on muscle, which had been stewed down and 
squeezed out, and therefore was almost entirely free from 
carbohydrates, and he then found large quantities of glycogen 

■ E. Riilx. Pflu^B Areh., toI. xxir. p. IG: IS81. Vide nUo Qohm and 
HoGTmnnD, Anh./. txper. Path. u. Pharm., vol. vUi. p. 299 : 1^8. 

i B. Lucbaiiigor, Inc. cit, 

t Bohiff, "Unt. fiber die ZiickerbUduDt^ in dor Leber." p. 30: Wflrabjirg, 
18SB; Vulentin, MolMoliolt'B UHlert. tur Nalurlfhri, eUi.. vol iii. p. 228 ; 1857; 
C, Aeby. Areh. J. exp«r. Path. a. PhofTn., vol. liL p. 18*: 1875; Voit, Zniltehr. 
/. fliolog., Tol. liT. p. 118: 1878. 

§ E. KUlz, PflugHT'a Ardt.. vol. xiiv. pp. 1-19: 1881. Tho nnmeroiw ex- 
pertmouls aS a gimilar oatare mode by earlier uiithnn ure givea liero. 

y B. Naunyo, Areh./. exp«r. PotA. u. Pharm., vol. ui. p. IH : 1875. 

2 C 
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(as mofih as to 3*5 per cent.) in the liver. Von Mering " fed 
a dog, which bad been previously starved for tweuty-one 
days, for four days esclusively on washed bullock's fibrin. 
The animal was killed six hours after it had been last fed, 
and the liver, which weighed 540 grms., contained 16'3 gnus, 
of glycogen. A control animal of nearly the same size sbowed, 
after twenty-one days of starvation, 0'48 grm. of glycogen in 
the liver. It would necessitate very forced modes of ex- 
planation to assume from these and many other similar 
experiments, that the glycogen did not arise from the 
albnmeQ. 

We may also quote, in support of the view that carbo- 
hydrates are formed from albumen, the fact that in the severe 
form of diabetes mellitus, under a protracted and exclusive 
flesb-dtet, the secretion of sugar does not cease, and that the 
quantity of sugar increases in proportion to the amount of 
albumen consumed.! 

Von Mering'a esperiments on phloridzin diabetes are well 
worth mentioning-J Phloridzin is a glucoside, found in the 
root cortex of apple and cherry trees. If we administer a 
certain amount of this to a dog (1 grm. for every kilogramme 
of the body-weight), we find, after a few hours, sugar in the 
nrine. This glycosuria ceases in two or three days, and we 
then find the liver and muscles totally free from glycogen. 
If we now administer phloridzin again, we find a still larger 
amount of sugar excreted. Von Mering concludes that this 
must proceed from proteid. If we would doubt this, we 
mast assume that the sugar has been formed out of fat — an 

■ Von Mering, Pfluger'a J rcA., lol. liT. p. 282: 1877. Tiie expcrimtmU 
nikile on tbis subject by eurlicr uuthora are appended. Vidt also Boqj. Fjoii, 
VvhandL d. phyrik. med. Get- lu WHnburg. N.F., vol. xi. Hefl i.. It: 1876 i 
»nd S. Wolffberg, Zeittchr.f. BMog., To!. lii. p. 310 (Eip. 4) : 1876. 

+ VoQ Mi-riug, "TagebUtt der 49 NoturfDrBcherTerBUinnilunK in Huabnttt," 
iuniDiarizediH tba Oeii/«AeZei"(«(Ar./. praA(. Med., No. 40: 1870; lod No. 18: 
1877; Kiila, Arrh.f. exper. Path. u. fharm., Tol. tI p. 140; I87«. 

I Vou Mering, Verhandl. d. Congr./. inn. Medieitt., FQiifter (Jongresa, WiM- 
badea, p. 183: lS8G|,aud Seohit«r CongrasB, Wleabuleti, p. 319: 1SS7. 
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assumption for which we have not up to the present the 
warrant of a single fact. 

It is doubtful whether glycogen arises from the fatty 
materials of food« Almost all authors* agree that the gly- 
cogen of the liver does not increase in amount after fatty 
food« It is, however, conceivable that, under certain con- 
ditions, the fat that is stored up in the tissues, after 
previous conversion into glycogen, may serve as material 
for muscular work* But the possibility of the converse 
process must also be borne in mind, viz. the conversion of 
glycogen into fat. We shall soon have occasion to see that, 
as a matter of fact, carbohydrates may be converted in the 
animal body into fat. 

* A Bummary of these authon is giTen by Yon Mering, Pflugei^f Ardi,, 
▼ol. xiv. p. 282 : 1877. 
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LECTURE XIX. 

THE SOURCE OF MUSOULAR ENERGT. 

In our last observations on the formation of glycogen and 
the behaviour of carbohydro^tes in the body, I repeatedly 
stated that glycogen must be regarded as the material of 
muscular work. We will now proceed to consider the facts 
which have led to this view, and to give a connected account 
of all that is at present known concerning the source of 
muscular energy. 

The most obvious theory that the source of muscular 
work is the metabolism of those substances which form the 
main constituents of muscle, viz. proteids, was obstinately 
maintained by Liebi^ * to the end of his life. This teaching 
was, however, shown to be erroneous by the following experi- 
ment : — 

Fick and WisHcenus t ascended to the summit of the 
Faulhom, a height of 1956 metres above the level of the 
sea. The urine excreted during the six hours' ascent and 
for the succeeding six hours was collected, and the nitrogen 
contained in it was estimated. During this time, and for 

♦ It ifl very instnictive to read the on'giDal works in which the r^ons adduced 
in favour of and against Liebij^'s doctrine are given. To this end we recommend 
Liebig's treatise, "Ueber die Gahrung und die Quelle der MuskelkrafI und 
iiber Emahrung ; " Liebig's Ann. d. Chem. u. Pharm.j vol. oliii. pp. 1 and 157; 
and Voit*s reply, " Ueber die Entwickelung der Lehre von der Quelle der Mus- 
kelkraft und einiger Theile der Emalirung seit 25 Jahren," Zeitsehr.f. JBiolog., 
vol. vi. p. 305 : 1870. The older literature on this question is here critical ly 
treated. 

t A. Fick and J. Wislicenus, Vierteljdhschr. der Zuricher naivr/orsdhenden (?e»., 
vol. X. p. 317 : 1865. 
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Welve hours previous to the commencement of the experi- 
meat, only non-nitrogenoua food, starch, fat, and sugar, had 
been taken. The consumption of proteid was calculated from 
the nitrogen found in the urine. In Fiek it amounted to 
38, and in Wialicenus to 37 grma. From the amount of heat 
produced by the conibustion of the carbon and hydrogen in 
the albumen, a max.imat value * was deduced for the heat- 
e<{UivaIent of the albumen, and it was found that 87 grms. 
of albumen yielded 250 units of heat, which corresponds to 
106,000 kilogramme meters of work. Wislicenns weighed 76 
kgrms. It follows that, in merely raising hie body to the 
summit of the mountain, he had done work amounting to 
76 X 1956 = 148,656 kilogrammometers. But the work done 
during the ascent was really much greater; Fick and Wisli- 
cenus calculated that the work done by the heart and by 
reapii-ation in the same time amounted to 30,000 kilogram- 
mometers. We have also to consider that even on level 
ground every step entails work, which is converted into heat 
and is lost, and that the other parts of the body, the head 
and arms, are moved during the ascent, etc. It follows that 
much more work had been done than would be covered hy 
the potential energy contained in the proteid consumed. The 
non-nitrogenous constituents of nutrition and of the body 
must therefore have been utilized as sources of energy. 

The riew that proteid is the exclusive working material 
of muscle, is more precisely controverted by a series of very 
careful esperimeots on tissUe-change. These show that the. 
excretion of nitrogen during twenty-four hours of extreme 
labour is as great as, or but little more than, in a quiescent 
state ; but that, on the other hand, the excretion of carbonic 
acid and the absorption of oxygen is much increased on the 
days of work, and that, therefore, during muscular work non- 
nitrogenous food is chiefly conBumed. 

* That tliiu value mast be much loo high u erideot from nhnt we liuva 
m«Dlioned before (pp. GS, 7Q-7t). 
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Voit " was the first to carry out a careful experiment of 
this kind. He caused doga to nin in a, large tread-wheel. On 
the days before and after the day of work, the animals were 
quiescent with the same food. Some of the experiments 
were made on fasting animals. The output of nitrogen 
for twenty-four hours was accurately determined, and it re- 
enlted, from two experiments with fasting animals, that the 
excretion of nitrogen was not increased on the working days. 
In two other experiments with a fasting animal, and in two 
with a, diet of lean meat, the increase was very slight. 

Quite recently, at the experimental farm of Hohenheim, 
0. Kellnerf has instituted similar experiments on horses. 
On the working days, he found a greater increase in the 
excretion of nitrogen than was shown in the exporiments of 
A'oit, It was only when rery large quantities of carbo- 
hydrates were given to the horses that this increase failed. 

Pettenkofer and Voit t have also made experiments on 
man to determine the influence of work upon the excretion 
of nitrogen. The elimination of carbonic acid, and indirectly 
the amount of oxygen consumed, was determined at the same 
time by the respiratory apparatus. They found that on the 
working days the excretion of nitrogen was identical with 
that on the days of rest, food being the same. The amount 
of sulphuric and phosphoric acids secreted was not increased 
on the working days, but the excretion of carbonic acid and 
the absorption of oxygen rose very considerably. 

Lavoisier 5 had already shown that the absorption of 

* 0. Toit, " Unt. Qber den Einlluu dea KoohialzeB, den Eafiees und der 
MuBkelbeoegQQgeD kdI' dea StofTweohKl," p. 15S, el taq, : MQuolieD, 186l>: and 
ZiifMAr. /. Biolog.. vol. ii, p. 839 : 1866. 

t 0. Kollner, LandwirVttchajairht JahrbOcher, lol. tlii. p. 701 : 1879; Wid 
to!, ix. p. 6S1 : 1880. 

I Pettenkofer und Volt, Zeitiehr. /. BMog., vol. ii, pp. 488-500 : 1866. Com- 
pare also Fdii Bchenk, ilroh,/. cxper. PalA. u. rAnrm., vol. ii. p. 21^ 1874: tnd 
Uppeabeim. FQagcr'a Arch., vol. iiiii. p. 484 : 18H0, (Compare, in ref«r(iuoe to 
Uppeuhelm'a work, the (omarka ou p. 183.) 

§ B«guin sod Lavoiaier, " PremicfT luemoire aur la rc-BpiiBlioa dea nnimaui," 
Mem. de Vaead. tfei teitnoet, p. 165; 17SD; or (Eurrti de laroiner, Pati*, 
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oxygen and the escretioa of carbonic acid were increased by 
muscular work. Vierordt,* Scbarling,t Ed. Smith,! C. 
Speck,5 and otbers, with more perfect methods of investiga- 
tion, have confirmed this discovery. The increase in the 
absorption of oxygen and iu the excretion of carbonic acid 
has been determined not only by the investigation of the 
interchange of gases in the respiratory apparatus, but also 
by a comparative determination of the oxygen and the 
carbonic acid in venous blood, taken from the quiescent and 
the tetanized muscle. This was done by Ludwig and Sczel- 
kow,|| and finally in a masterly inquiry carried out in Lud- 
wig's laboratory by Max von Prey.U with the advantage of 
all the perfected technical aids. 

From the experiments that have been quoted, it is 
apparent that muscle chiefly works with non-nitrogenous 
food, and carbohydrates readily euggest themselves, as they 
are invariably stored up in muscle in the form of glycogen. 
CI. Bernard, the diBCOverer of glycogen, was also the first 
to observe that this store of glycogen disappears during 
work." He also found that when a muscle is artificially 
brought to a state of quiescence by division of its nerve, its 
glycogen increases. These statements of Bernard have been 
subsequently confirmed by many experiments, ft If one of 

Impriinerie imp^riale, L ii. pp. GSS, 696^ 1602; and LoToisiar'B letter to Black, 
dated November 19, 1790, |jTiiit(.>d in the ■■ Report of tho Furtj-firet Meeting of 
the Britiali Abboo. fui the Adv. of Soieace." held at Edinburgb, io Angiut, 1871, 
p. 191 : London, 1872. 

• Vierordt, " Pliyaiologie des AthmenB: " Karlaniba, 18*5. 

i SclMzUT>g.Ann.d.Chtm.ii.Pharm.,Tols\Y.p.2\i: 1843 ; Joum./.praH. 
Chan., Tol. ilvii p. 435: 1849. 

I Ed. Smith, fAifoi. Trant.. *oI. oslix. (2) pp. 681, 715; 18S9; lledi<»^ ] 
ehirurg. Tram., vol iliL p. 91: 18S9. 

§ 0. Bpeck, Schri/ten der Oe*. tar Be/Ordaning d. ga. NaiaTutUtemch, n> 
Jfarbufff, vol. X.: 1871; jlnA./. raper. PaiA. u.rAarm.. vol. iL p. 405: 1874. 

II Ludwig BDd SczelkofT. WUner aUiang»ber, vol. ilv. p. 171 ; 1862 ; ZeiUthr. 
f.Tiit.Med.. vol. ivii. p. 106: 1862. 

H Mai von Frey, Du Bois" Arclt., pp. 519, 533 : 1885. 
•• CI. Bernard, Cimpl. rmd., t riviji, p. OSS : 1859. 

tt AiiaocDiintoftbeneiigivenby B. Kiili, PflQget's Jreh,, voL sxiv. p, 42: 
1881 ; and Ed. Hvoli^ Zeiltehf. /. BMeg., vol. ut. p. 163 : 1689. 
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■ Uod logB of a frog be tetaiiii«d, it is alvsjs found to 
Motain Um ^togea tbao the other, which has been mi real. 

Kolz * allowed dogs that bad been prerioaslf well fed. lo 
•taire for one day, and an this daj io drag a heavy cart fas 
from fire to eeren hoDTB. The dogwas then immediatel; killed, 
and the amount of gI;eogen in hia liver determined. Of fin 
dog* employed in this experiiaeDt, the liver in foor sbowad 
that all bnt mere traeeB of glycogen had disappeared. The 
liver of the fifth, which was diBtiogmfibed from the otbeis 
by being old, very bt, and Blaggish, weighed 240 ^nas., and 
contained 0'8 grm. of glycogen. I have previously remarked 
that, during Etarvation witbont work, glycogen does noi dis^ 
appear from the liver of a dog tiutil the third week. 

Hence there can be no doabt that carbohydrates eetra as 
a sonrce of mosculaj energy. 

However, it would be too mnch to assnme that carbo- 
hydrates are the sole soorce of maseolar energy. We have 
jnst become acquainted with experiments from which - it 
appears very probable that glycogen is formed from albumen 
(pp. 385-31^6). Hence we infer that albamen may abo serve as 
ft Booree of muscolar energy. It is a fact that camivora may 
be fed for a long time exclosively on lean meat, nithout impair- 
ing mosenlar vigour. I cannot conceive any explanation of 
the metabolism of the animaU thus fed, witbont assuming 
that albumen may serve as a source of muscular power. 

Nor is it improbable that fat may serve for the Bame 
purpose. It would not be difficult to determine this question 
by experiments upon fasting dogs. Eulz has already shown 
that a fasting dog consumes its store of glycogen on the very 
first day of hard work. A determination of the excretion of 
nitrogen and carbon on subsoqaent days, when the work was 
continued, would afford a certain reply to the question whether 
chiefly albumen or chiefly fat supplies the animal with 
working power. When Voit made his experiments on fasting 
■ E. KSlz,loo.dt„s.*5. 
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doga, the animal generally worked only one day ; in one of 
his experiments,* however, the work was continued for three 
aacceBsive days, and they had been preceded by three fastiug 
days, -ffithout work. Kiilz'a dogs worked and fasted for one 
day only, previous to which they had been aupplied with 
ample food for Bome days, and still after the first day of work 
their glycogen had disappeared. It follows, therefore, that 
Voit'B dog must have been quite free from glycogen on the 
second and third daya of hunger and work. Nevertheless 
there was only a trifling increase in the excretion of urea, 
I think, therefore, it must be ooncluded from this experiment 
that the store of fat in this dog bad been drawn upon to 
carry on its muscular work, 

I bold that muscle draws its energy from all the three ' 
main classes of food. We might assume a priori, on teleo- 
logical grounds, that in the performance of its most important 
functions, the organism is, to a certain extent, independent 
of the quality of its food. As long aa non-nitrogeaous food 
is aupplied in adequate quantity or is stored up in the 
tissues, muscular work is chiefly maintained from this store. 
When it is gone, the proteida are attacked. The results 
obtained from the above-mentioned experiments of Sellner 
entirely agree with this statement ; he found that, in the 
horse, the txcretiod of nitrogen is increased by muscular 
work only when the animal does not receive a sufficient 
supply bf carbohydrates. 

It has often been surmised that muscular energy is not ■ 
derived from the processes of oxidation, but from those of 
decomposition. Certain facts seemed to favour this view. 
Thus Hermann t found that an excised muscle contains no 
removable oxygen, and that, nevertheless, it executes numerous 
contractions and gives off carbonic acid when placed in a 

-.• Voit, •' Ueb, a. Einfl. d. Kodisal»»," etc.. pp. 157. 158. 

t L. Hermann. " Vol. iib. d, SloCTwechscl dor Muskelo, ausgehBud Tom 
Ga«weob»l denelben : " Betlin. 1867. 
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medium deprived of ail oxygen. We know that the chenu* 
pokntial energy introduced by food may in part be con- 
verted, by mere breaking up without oiidation, into kinetio 
energy; that the heat of combustion of the prodncts of 
decomposition is lower than that of the original food, and 
that therefore heat must be liberated during decomposition. 
We have given direct proof that this development of heat 
accompanies many processes of decomposition. (Compare 
pp. 68-71, 179-184.) 

The above-mentioned fact, that in muscular work the 
consumption of oxygen is increased, is not opposed to the 
assumption that only a part of the chemical potential energy 
ia transmuted into kinetic energy during decomposition. 
The two processes, decomposition and oxidation, might occur 
at different periods ; the former serves for muscular work, the 
latter provides heat. Both processes may also be separated 
as to their locality, the decomposition occurring in the proto- 
plasm of muscular dbre, while possibly the oxidation of the 
products of decomposition occurs in other tissue-elements. 

From this point of view, the abeorption of oxygen would 
mainly serve for the production of heat. There is a remark- 
able difference in animals in their requirement of oxygent 
and it appears that the want is regulated by the amount 
of heat generated. A mammal requires at least from ten to 
twenty times as much oxygen, in proportion to its weight, 
as a cold-blooded animal. A bird uses up more than a 
mammal. A small animal, giving off more heat from a 
relatively larger surface, requires more than closely allied 
animals of a large size. Young animals require more than 
fall-grown animals of the same species. These dilTereuoes 
are well shown in the following table : — 
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AjtocHT or OiToEs oossuiiEr ra TwesTT-TOVB Hocas, is Phopobtioh to 
1 Ghu. of Weiobt, ta C.tM. at 0" 0. and 760 Mia. or Mssooual 

Bptttrow 161-0 

Dnck 230 — 3a0 

Dog 150 — 230 

Man 7-0 — Il-O 

F»e 10 — 20 

EBrthvrortn 17 

TeiioU 1-3 

Eel 0'97— 12 

Lizard, bibemAting 041 

If it 13 correct to regard mascul&r energy as mainly 
produced by the decomposition of food, and heat chiefly by 
oxidation, we should expect that animftls which develop no 
heat would require the smallest amount of oxygen. This 
is the case with the entoitoa of warm-hlooded animals, which 
reside in a uniformly high temperature. Wo know that the 
intestinal parasites live in a medium which is almost entirely 
free from oxygen, for the moat recent and most careful 
analyses of intestinal gases have demonstrated no oxygen in 
them. We know that active proceascs of reduction occur m 
the intestinal contentB ; that they constantly give rise to 
nascent hydrogen ; that sulphates are reduced to sulphides, 
and oxide to suboxide of iron. The amount of oxygen taken . 
up by the intestinal parasites must therefore be excessively - 
small. It is possible that they attach themselves to the 
walls of the intestine and take up oxygen which is diffused 
from the tissues of the bowel, before it is taken possession of 
by the reducing substances of the intestinal contents. But it 
is also possible that mere traces of oxygen are necessary for 
their existence, or even that they require no oxygen, as 
is asserted of certain bacteria and fungi (compare above, 
p. 363, note J). This question can only be decided experi- 

* The fignrei giTen for the oonaumption of oxygen in man are derired from 
the work of PetU'Skofor ami Voit iZeiitehr. /. Biolog., vol. ii. p. 486, 489 : 1868) ; 
tliDse for fish from Ihutol Jolyotand Begiiard('4rch. d« Fhytiol. narmaletlpalliol^ 
■£rie ii. L iv. pp. tK)5, 603 : 1677). The reraaioiDg Bguroa are from the work of 
Begnault and BeiMt (,An». de Mm. el da^yt., t un. : 1819), 
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mentally. I have made many experiments with the 
worm (,'igcrtm mi/sUix) of the cat, and have aatiafied myself 
that these animals can live in media entirely free from oxygen 
for from four to five days, and be extremely active during the 
whole time.* Whoever has seen these movements must be 
convinced that oxidation is not the soitrce of muscular energy 
in these animals. 

The objection might be raised that they have a store 
of oxygen in their bodies, which is bat loosely fixed. We mast 
admit this possibility. Ascarides are sometimes found in 
the stomach. It ia possible that they rise into the npper 
part of the digestive tract in order to supply themselves with 
oxygen. But this proceeding has no analogy with what ia 
observed in higher animals ; as soon as the supply of oxyj^en 
is cut off, the store contained in the oxyhfemoglobtn is oon- 
Bumed in a few minutes, and the animals perish. Ffliigert 
and Aubert t have certainly shown that frogs may remain 
alive for several days In an atmosphere containing no oxygen, 
but only at a very low temperature, which causes a reduction 
of the entire metabolism of these animals to the lowest 
point.§ If they are left at the temperature of the room, 
they become motionless after a few hours ; while ascarides 
move about most actively at a temperature of 38° C. for 
several days in media devoid of all oxygen. I am far from 
applying to higher animals the conviction derived from th« 
observation of these animals, that muscular energy is mainly 
due to processes of decomposition. Intestinal parasites. 



a cold-blooded (jioikilaSetvnei 



• G. Bunge, Zeitiehr./. pliyiiot. Ciem., vol. Tiii. p. i8 

t PaSgw, in his Jrcft., vol, x. p. 313 : 1875. 

t Aubert, ibid., vol. iiiv. p. 29J : 1881. 

S A» we miglit u priori eipeDl, ne fii 
aniiDulB, a riae of tbe tf mpurature nf their ei 
and oniianmpliuD uf uxjgen, whereiu the 
fumuiioUiermie ariimala. A oritloiil aceoi 

wliich tbis etiil«meut baa beea eBlablielied will be found in a, puppr by Voit, 
Zeitichr./. Bioloij..^ol, iv, p. 57 ; 1878. Comparu alio Mux Bubucr, Du Botf 
Arelt.,j/p. 3(1,218: 1SS5. 
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which are constantly surrounded by food-supplies, can afford 
to be wasteful of their potential energies, and only utilize 
that portion of tbem which ia converted into kinetic energy 
by mere decomposition. Such a proceeding would be pur- 
poseless in the higher animals. I have already mentioned 
the reasons in favour of the view that in the higher animale 
oxygen penetrates through the capillary walls into the tissues 
(pp. 261-267). With regard especially to muscular tissue, we 
have to add an important fact to the reasons adduced : the 
occurrence of hemoglobin in muscle." Btith probability and 
analogy justify the view that the hffimogiobin performs the 
same functions in muscle as in blood, i.e. that of oxygen- 
carrier. 

The amount of kinetic energy which may develop by 
mere decomposition without oxidation, from the chemical 
potential energies of food, is much too email adequately to 
explain muscular work. Let us first consider the carbo- 
hydrates, which certainly are the chief source of muscular 
energy. 

Unfortunately, we are not sufficiently familiar with the 
nature of the process of decomposition of the carbohydrates 
in muscle. It has often been opined that they break up in 
the first instance into sareo-lactie acid.f Normal blood in- 
variably contains some lactic acid ; the amount increases in 
tetauized animals, and when blood is artificially passed 
through a living and working muscle-t But it appears that 
the amount of lactic acid formed in muscle is too trifling to 



• W. Kiihne, Virohow'i Jra*., Tol. miii. p. 78: 1865; and Ba;f lAnkoatar, 
Pfluger'B Aroh,, vol. iv, p. 315: 1871. These statements with rctmrd to the 
ocMurrenop of liBmogloWn in mnsnle have been repratcillv doaliteii, hut, m it 
appeere to tne, without ndeqnBto grounds. Fidt St, ZnleBki, Centratb./. d, mtd 
WitmiKh., Xnc. S, <; : 1887, The enilier BUthors nre here meutioDed. 

t ComjiBrB above, p, 315, note J. 

J Vide P. Spin). ZrltKhr. f. phylol. Chm., vol, i. p. 111 : 1877; Max von 
Prey, Dn Boit' Anh.. p. 657: 1885; Gaglio, ibid., p. 400 : )8H6; Wieaokowilsoh, 
ibid,, 8appl., p. 91 : 1877: and M. BiiUuetUav, Jreh. /. exptr. t'alh.a. Phanit., 
vol. Jiiii. p. flSS: 1887. 
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allow this process of decomposition to serve aa a source 
of musculftr energy. At any rate, we do not know how much 
of the carbohydrate in muscle undergoes this decomposition. 
We do not even know whether the lactic acid occurring in 
muscle is formed from the carbohydrates." It is possible 
that during work there is not more lactic acid formed in the 
muscle than during rest, but that more is transmitted to 
the blood. Aataschewsky found less lactic acid in the 
tetanized than in the quiescent muscle.f The heat-eqaiva- 
lent of lactic aci4 has never been determined, so that we 
are nnable to state how much kinetic energy is Uberated 
during lactic fermentation. 

Let us endeavour to represent to ourselves the amonnt 
of kinetic energy which may proceed from the decomposition 
of carbohydrates, by picturing to ourselves two processes in 
which the amount of kinetic energy liberated has been 
exactly determined : alcoholic fermentation and butyric acid 
fermentation. The amount of heat Hberatcd during the latter 
process is larger than in the former, and we may assert that 
no greater amount of heat can he liberated in any of the 
various processes which sugar undergoes in decomposition. 
For of the three products resulting from butyric fermentatioil 
(butyric acid, carbonic acid, and hydrogen), only butjiio 
acid can be further broken up, and but httle heat can be 
hberated in this process. The breaking up of butyric acid 
into propane and carbonic acid is entirely analogous to 
the apUtting up of acetic acid into methane and carbonic 
acid — a process in which we are equally unable to show a 
development of heat. Taking the numbers quoted at pp. 69-70 

* In raTour of the Tie* (bat laotio acid uUes fmm the earbohydntM^ 
Beilinerblaii {lot. nit.) points oat thai when blood to which glucose or glfOOgeu ha* 
been odiltid, it uttiSciallf pnaaed Ihmugh the miisoles, more laclio svirl is fbnneil 
than nilhout thorn. ConBidenible quantiliei of Uotie uold are rormed in tin 
dying muecle, but whence it arisea is entirely unkaown. Boehru hiu ahown OttA 
it is not formod from glycogen (Pflflger'B Arch., Tol. iiiii. p. H : 1880). 

t AstBsoliewBkj, ZeilKhr. /. phyiiaL Okem., vol. ir. p. 3Q7 : IHSO. 



THE SODRCE OP MUSCULAR ENERGY. 399 

as a fonndatioQ, I have calculated the combuation-heat of 
sugar and of its products of decomposition as follows : — 

CalorEpi, ur KfEnne. 

faeit-BPlta. work. 
1000 ^rmB. of gnpe-Bng^, on Domplete oombiution to 

CO, and H,0. yiald 3839 = 1,074,000 

1000 grms. of grape-angBr.nlien Bplit up mtooleohol 

andCO^yiuld B72 = 158,100 

1000 grms. of gnipe-saesr, when split np into butyrjo 

ooid, C0„ and H 414= 170,000 

The amount ot wort done by Wialieonus in siceoding 

tbe pBolbom in aii hoare amounted In , . . . 148,656 

The amount of work daoii bj beart ami rcipirution 

dnring the mme a«ceut nmountod to . . . . S0,000 

Accordingly, we see tliat, had the work done during the 
ascent of the Faulhoni been carried out by the decompoBition 
of carbohydrates, more than 1000 grms. of carbohydrates 
would have been required in six hours ! This is out of the 
question. On the other hand, 100 grms. of sugar, if com- 
pletely broken up and oxidized, would have sufficed to execute 
the work. This amount of carbohydrate ia always etored up 
in our muscles, besides an equal quantity in tbe liver. 

I think that my calculation proves that to perform their 
work our muscles not only utilize the kinetic energy liberated 
by the decomposition of the food, but that oxygen also 
penetrates the protoplasm of muscnlar fibre, and its affinity 
to the products of decomposition serves as a source of energy. 

Here we may again refer to the question of the value of 
alcohol as a food. Even if we grant that alcohol is turned 
to account in the body as a source of energy, yet this store 
of energy is far smaller than that contained in the carbo- 
hydrate from which the alcohol was prepared. In the 
fermentation of a kilogramme of sugar, as we have just seen, 
an amount of energy is wasted which would serve to carry a 
heavy man to the top of the Faulhom. We must remember, 
too, that certain cells of our body can probably only avail 
themselves of the energy set free in the breaking down of 
food-stufis, since no free oxygen ever reaches them (compaie 
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p. 277). We thus see how foolish it is for men to give the 
nourishing carbohydrates of the grape-juice and grain to be 
devoured by the yeast-fungus, while they themselves feast on 
the excreta of the fungus. Fruit, berries, and milk, too, are 
deprived of all their value in this way. No carbohydrate is 
safe from the insatiable spirit-monger, careless whether he 
murders thousands, so long as he only fills his pockets. And 
nothing is too foolish to find support in the authority of 
physicians. 

Are we really to believe that the civilized man and the 
yeast-plant are symbionta, and that the former must find his 
nourishment in the excreta of the latter ? 
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LECTURE XX. 

FOBMATION OF FAT IN THE ANIMAL BODT. 

The question regarding the origin of fat in the tissues of the 
animal body, a most important part of metabolism, remains 
for our consideration. Our views on this subject have been 
subject to constant fluctuations and controversies during the 
last few decennia; but we have arrived at the conviction, 
after many and careful experiments, that the fat in the 
tissues may be formed from all of the three chief classes of 
organic foods, viz. from the fats, the proteids, and the carbo- 
hydrates. 

From the comprehensive literature on the formation of 
fat,* I shall select those works which constitute the firmest 
basis of our present knowledge of this subject. 

It was long doubted whether the fat of the tissues was 
derived from the fat of the food ; chiefly on the grounds that 
fat, being absolutely insoluble in water, could not as such 
penetrate the intestinal wall, and that it would previously 
have to be converted in the bowel into a soluble soap and 
soluble glycerin. The view that glycerin and fatty acids 
might again unite in the tissues on the other side of the 
intestinal wall was opposed by the belief that no syntheses 
could occur in the animal body. We have seen that both 
these prejudices have now been overcome ; we know that ". 

* Yoit sapplies an interesting raryej of the older Uterature on this subject, 
« Ueber die Fettbildang im Thierkorper, ZeiUchr.f. Biolog., vol v. p. 79 : 1869. 
Compare also ** Ueber die Entwickelung der Lehre Ton der QueUe der Moskel- 
kraft und einiger Theile der Em&hmng seit 25 Jahren," ibid., vol. yi. p. 371 : 
1870. 

2 D 
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all kinds of synthetic procesBes occur in the anitoal 
and that nentral fat does pass through the inteatioal wall. 
Now, if fat globules permeate the tisBues of the intestine, 
why may they not pass through the walls of the capillaries 
and through all the organs of our body ? A priori, there- 
fore, there is nothing opposed to the view that the fot of 
onr tissues is derived from the fat of our food. Frans 
Hofmann * was the first to give experimental proof that this 
is the case. 

Hofmann deprived a dog of all fat by starving him tor 
thirty days. We are able to determine the exact period when 
all the fat that is stored in the tissues is consumed. We 
have already seen that a starving animal at first lives mainly 
upon its store of glycogen, and sabseijaently upon its fat. 
It uses the greatest economy with regard to its proteid. 
That very little of tbo latter is decomposed is shown by 
the minute excretion of nitrogen, which at first falls, and 
then remains almost permanently the same. It is only after 
a longer period, which may vary from the fourth to the fifth 
week according to the original amount of fat, that a sudden 
rapid increase takes place in the excretion of nitrogen. This 
is the period at which the store of fat is used up, and when 
the animal commences to depend exclusively upon its storai 
of proteid. The animal will now speedily perish. If tho 
animal is killed at the time when the sudden increase of the 
nitrogenous excretion occurs, all the organs and tissues are 
found to be deprived of fat. If it is killed earlier, a certain 
amount of fat is still found-t 

Armed with this knowledge, Hoffmann was able to de- 
termine when his starving dog was free from all fat. Ha 
now fed him on a diet containing a great deal of fat and 

• Fram UoCmajtn, Zfiltchr. f. Biolog., vol. via. p. laS : 1872. 

t When tba iuating animal, at the comtnuacement of the experiment, u 
anuBuullj lilt, it may liappen Ibat it diai fcom lailuru of lu {itdteiils, oven 
befora the suppl? of fat ia Cduumed, 
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but little proteid, tiz. bacon and a small quantity of meat. 
The amount of proteid and fat in the food had heen ac- 
curately estimated. After five days the animal was killed, 
and the amount of fat and proteid remaining in the in- 
testine, a8 well as the fat in the whole body, was measured. 
It was found that during the five days the dog had absorbed 
1854 grms. of fat and 254 grms. of proteid, and bad deposited 
1353 grms. of fat in its body. This large amount of fat 
could not have arisen from the proteid. It follows, there- 
fore, that the fat of the food had been deposited in the 
tissues. 

Pettenkofer and Voit " obtained the same result by a 
different method. They fed dogs with fat and a little meat, 
and by the use of the respiratory apparatus they measured 
the total income aud output. Their experiments showed 
that aU the nitrogen consumed was re-esereted, hut not all the 
carbon, A very large proportion of the carbon was retained. 
It was to be inferred that a non -nitrogenous compound had 
been stored in the tissues, and this could be nothing but fat, 
because there is no other non-nitrogenous compound which 
is met with in the tissues in such large quantities. The fat 
deposited in the tissues could not be due to the decomposed 
albumen, as its amount was proportionately too large. It was 
possible to calculate with precision how much proteid had 
been decomposed, by the quantity of nitrogen excreted. The 
maximum amount of fat formed from the decomposed albu- 
men could be calculated on the assumption that tho nitrogen 
had been separated from the proteid molecule as urea. The 
amount of fat resulting from this calculation was much less 
than that actually found in the body ; it was therefore 
evident that this must be derived from the food. 

We must now inquire whether it is only that portion of 
the fat of food which is absorbed imaltered as a neutral 
glyceride that cau be stored up in the tissues, or whether that 

• Pettenkofer sad Toit, ZeUifhr./. BioUg.y toL ix. p. I ; 1ST3. 
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purt which is split up in the intestine (compare pp. 193-lM] 
caD also be regenerated and aseimilated. 

Mnnk ' has recently performed the most careful investi- 
gations to determine this question. He showed, in the firs^ 
instance, that Eree fatty acids are absorbed from the in- 
testine in large quantities as neutral fats. If free fatty acids 
are shaken up with a dilute Bolntion of alkaline salts, a smatl 
portion of the fatty acids is saponified, the remainder is 
emulsified ; the same takes place in the intestine. Dogs, 
after the consumption of a large quantity of free fatty acids, 
exhibited only a very small portion in their fieces, but their 
chyle-ducts were full of a white emulsion. 

The same inquirer also proved that free hHif 
eseroiae the same economizing eSect upon proteids aa neutral! 
fats. A carnivorous animal, in order to maintain its body- 
weight, requires nearly one-twentieth of this weight daily of 
lean meat.f A dog weighing 25 kgrms, consequently reqairM 
1200 grms. of meat. If we give him less, he excretes more 
nitrogen than he consumes, and he feeds upon the proteids 
of his tisBuea. But if we add fat to the meat of hia food, 
the dog, although consuming less meat, maintains his mtro* 
genous equihbrium.J Munk established the nitrogenoofl 
equilibrium in a dog weighing 25 kgrms., with 800 grms. ot 
meat and 70 grms. of fat, and then showed that thia equi- 
librium remained the same if, instead of the 70 grms. of fat, 
he gave the dog, with the same amount of meat, the free 
fatty acids obtained from the 70 grms. of fat. In a second 
experiment, the nitrogenous equilibrinm was produced in a 
dog weighing 31 kgrms., with COO grms. of meat and 100 

* IminaiiDel Mnnk, Da Boia' Aivh. /. Fhynol., p. 371 : 18T9; «nd p. 373 ; 
1883; Virchow'B Arch., vol. Ixii, p. 10: 1880; ami ToL ICT. p. 407; ISSf. 
The earlier literature is hero quoteJ, 

t Bidder uid Schmidt, " Die Venlaunn^sBarte und der Stoff«ech«el," p. 333 : 
HiUQ and Leipzig. 1852 1 Pcttenkolbr and Voit, Ann. d. Chin. u. FJUrok, 
Suppj. ii. p. 361 1 1H62. 

I MDnb, Vitohow'i Anh., toL lux. p. 17 ; 1880. 



grms. of fftt, and this was maiutnined when subsequently the 
free fatty acids of 100 grms. of fat were given him with 
the same amount of meat for three weeks. 

The important fact has further been determined by 
Mnnk * that, after feeding with free fatty acids, only a very 
small quantity of them and of saponified mn-tter, but much 
neutral fat, was contained in the chyle. Ho fed dogs with 
meat and fatty acids, and introduced a cannula into the 
thoracic duct ; a few hours later, he determined the amount 
of chyle flowing out, and the quantity of neutral fat, fatty 
acids, and saponified matter contained in it. He found 
that, in the same time, from ten to twenty times more 
neutral fat passes through the thoracic duct than during 
the digestion of pure proteids, while the amount of soaps 
remains unaltered. The proportion of the free fatty acids 
generally reached only to from one-twentieth to one-tenth, 
in one case less than one-thirtieth, of the neutral fats. It 
follows that a synthesis of fatty acids with glycerin takes 
place during the passage from the intestinal surface to the 
thoracic duct.f We have no precise information as to the 
locality where this synthesis is effected. It may be in the 
epithelial cells, in the adenoid tissue of the intestine, or in 
the lymphatic glands of the mesentery. A preliminary com- 
munication made by Ewald t shows that this synthesis also 
occurs in the intestinal mucous membrane after it has been 
excised. 

We do not know the source from which the glycerin 
arises that is necessary for this synthetic process. At all 
events. Monk's experiment proves that the glycerin in the 

* Hnok, he. cil., p. 28, el asg. 

t 0. Mjokowski (Jro/t. /. rapar. Pulh. u. fftam., vol. xii. p. 379 : 1886) 
arrived at the snme result. He had the oppnrtuDitjr a! esperimeutiiig aa a 
pntient Buffering from extremB asdtcfl, the resoll of a rupture of a chyl^yeBBel. 
A Inrge quantitj of chjrie wua obtained bj punoture. Alter adDiiniateiing to this 
|inlipQt iiee crude ncid, the neutral glyoende of tbi» add waa diiteetol in tLe 
chyle. 

I 0. A. Ewald, Da Bait' Areh,, p. 302 ; 1883. 
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fat of oar body need not always be derived from the fcit of 
our food ; it may possibly result from the breaking ap of 
the proteida and carbohydratos. 

We must confess that the fate of the glycerin in oar 
body is entirely unknown to us, and at present we are unable 
to say what becomes of the glycerin which is separated in 
the intestine from the fat. If a large quantity of glycerin 
is introduced into the stomach of a man or a dog, diarrhtca 
occurs, and of the glycerin that is absorbed a portion pasfiea 
unaltered into the urine." Smaller quantities do not produce 
Buch consequences ; in the dog, the proportion ought not to 
exceed 1'5 grra. to 1 kgrm. of weight. It does not, how- 
ever, appear that they are of the least use to the body. At 
least, Munk was unable to find that glycerin produced any 
economy in the consumption of proteid, whereas the same 
quantities of carbohydrates or fats are followed by a distinct 
reduction in the excretion of nitrogen. Munk therefore denies 
that glycerin has any value as a nutritive agent — a con- 
clusion with which I am unable to agree. For the free gly- 
cerin, artificially introduced, does not necessarily reach those 
tissues in which the glycerin that enters organs with the 
neutral fats, may be utilized for the performance of normal 
fanctions. Munk bases his views upon the experiments in 
which the fatty acids by themselves were shown to esercise 
the same economizing effect upon the proteid metaholiBm aa 
the corresponding amount of neutral glycerides. But in this 
case the quantity of glycerin was too small. "We must not 
forget that fat only contains one-tenth of its weight in gly- 
cerin ; we could not, therefore, expect distinct evidence that 
glycerin has an economizing effect upon the proteid meta- 
holism. We cannot but regard glycerin d priori as a 

* B. Luohslti^r, "ExperimeDtFlle nnd kriliBcha Beibfige mr PbjBiologie 
■iDd PBlhclogio des Gljoogeas," Xnaiig. DUeert., p. 38, ri teq. : Zuiich, 1875; 
Munk, Virchow'g Arch., vol, lui. p. 39, et teq. : 1880; ArnBcbiak. ZeiUdir. /. 
Biolog., vol. uiU. p. 113 : 1S8T. 
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valuable article of nutrition, because its beat of combustioa 
is higber than tbat of all varieties of sugar (compare p. 70). 

Finally, Munk has given definite proof tbat the fat 
syntheticaily formed is also stored up in the tissues of the 
body.* A dog weighing 16 kgrms. was rendered almost 
devoid of fat by starvation for nineteen days, during which 
time be lost 32 per cent, of his origiual weight. In the 
course of the next fourteen days, the dog consumed 3200 
grms. of meat, and 2850 grms. of fatty acids prepared from 
mutton fat. With this diet, its weight rose again by 17 
per cent. The animal was now killed, and showed an 
enormously developed panniculus adiposus; there was a 
copious deposit of fat in the intestines, and a well-marked 
fatty liver. The deposit of fat removed by scalpel and 
scissors yielded nearly 1100 grms. of fat that was solid at the 
temperature of the room, and only melted at a temperature 
of 40" C. while normal dog's fat is semi-fluid at 20°. It 
follows that the fatty acids which had been introduced were 
deposited after combining with glycerine tbat bad formed in 
the body. If the deposit of fat be attributed to an econo- 
mizing influence, exercised by the fatty acids introduced, 
and all the fat deposited be regarded as entirely originating 
from the protoid, it is not intelligible why mutton fat was 
deposited instead of normal dog's fat. 

In a second esperiment,t Munk fed a dog, which had been 
deprived of fat by starvatioD, with colza oil. In this case 
four-fifths of the fat deposited in the organs were liquid at 
the temperature of the room ; when warmed to 23°, the 
whole of it melted ; and at 14" a granular crystalline sediment 
formed. This fat contained 82'4 per cent, of oleic acid, and 
12'5 per oent. of fixed acids; whereas normal dog's fat only 
yields on an average 65'8 per cent, of oleic and 28-8 per cent, 
of fised acids. In addition to this, erucic acid (C^'E^aO'], 

• J Munk, Du Bola' Areh., p. 273 : 1883. 

t J. Munk. Virehow's Areh.. Tol. xo». p. 107: 1884, 
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Trbich is an ingredlont of colza oil, but absent from 
fat, was proved to be present. 

Previous to Miink, two similar experiments bad been 
earned out by LebedeEf * with the same result in two dogs, 
one of which had been fed with Unseed oil, the other viih 
mutton fat. The fat in the tissues of the former did not 
congeal at 0°, the fat of the latter had a melting-point at 
above 50°. 

All these experiments prove indubitably that the fat of 
food is absorbed and deposited unchanged. 

We will now consider the second point as to whether fat 
is formed from pkoteid in the animal body. As fat takes 
the place of proteid in the cells and fibres, in cases of fatty 
degeneration, we should suppose that fat necessarily proceeds 
from this source. But this fact cannot be interpreted aa 
absolute proof of the origin of fat from proteid. We mast 
not forget that in the living body there is a constant nutritive 
interchange going on directly or indirectly between all the 
tissue-elements. It is possible that in cases of fatty degene- 
ration the proteids or their decomposition-products may pass 
away from the degenerating tissues, and be replaced by the 
fat or its components from other tissues. 

An exact quantitative esaminatiou of the total meta- 
bolism during a process of fatty metamorphosis, snoh 
occurs in pbosphorus-poisomng, in which all parts of the 
body are rapidly involved, would show whether fat arose from 
proteid or not. The most careful investigation of this prO' 
C6B8 was carried out in Voit'a laboratory at Munich, by J, 
Bauer.t He estimated the output of nitrogen and carbonic 
aoid and the income of oxygen in fasting doge. He Uien 
poisoned them with phosphorus, which was either given 
them by mouth in small doses spread over several days, 

* A. Lebedeff (Bolkowaki's Isbomturj' in Bcrlia), Med. Central, No. S: 
1882. 

: 1871 : and toL ziv. p. 537 ? 
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or Bubcutaneoosly injected, dissolved in oil. The con- 
sequence was that doable the amount of nitrogen was 
eliminated," and that the amount of carbonic acid excreted 
and of oxygen absorbed, dropped to one-half. The nitrogen 
from a. large amount of proteid, therefore, was spUt off with 
a small quantity of carbon by the action of tlie phosphorus ; 
a remnant free from nitrogen remained unconsumed in the 
body. If the animals died a few days after the administration 
of pbosphoriia, a post-mortem examination showed all the 
organs to be in a state of fatty degeneration. In one case, 
the dried muscles contained 4'2'4 per cent., the dried liver 
30 per cent, of fat, whereas only 16'7 per cent, was found in 
normal dried dog's muscle, and only 104 per cent, in normal 
dried liver. Fat was therefore formed from proteid in 
phosphorus-poisoning. It cannot be objected that the fat 
had passed in from the fatty connective tissue in the muscles 
and in the liver, because the dog had been starved for twelve 
days before the commencement of the poisoning, and died on 
the twentieth day of starvation. But experience has shown 
that in dogs ail fat visible to tbo nabed eye disappears 
from the subcutaneous cellular tissue and the mesentery- 
after twelve days of starvation. 

Arsenic and antimony, which are chemically so closely I 
related to phosphorus, seem to operate in a similar manner. ' 
They need not, however, be administered as free elementB, as 
they also when in the oxidized condition, cause increased 
elimination of nitrogen and fatty degeneration of the organs-t 
We are at present unable even to suggest an explanation of 
this action. 

* The iiict«u« in the eliminiitioD of nilTogec after plioephonu- poisoning was 
•hown before Bauer by O. Btowh, " Deo amile Phosphorforgi fining." olo., DiMPrt. : 
Gjobentiavn. 1865. Paul CRzeoeure liae recent!; confirmed Storrh's and Bauer's 
reBUlU ID the Revue menmelle de m^dee. et de chlrurg., vol. it. pp. 2f;5. IH i 1S80 

t Goh^ns, CentraVt. f. d. nu^. }Pitt&miik.. p. S29: 1ST5; Kosael. Areh, /. 
(aper. Falh. u. Pharm., vol. v. p. 128 : 1876 ; G»htgan«, ibid., vol. v. p. S83 : 
18'6:taidCfnlTaJb./.cl,mrd. HiMen«ch.,p.321 : 1676; and Saikowaky, Virohow'a 
Areh., vol. xsiiv, p. 73: 1S6S. 
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The experimentB with phoBphoraa-poieoning only proTt 
the origin of fat from proteid nnder these definite abnorma 
conditions. The question is whether this conversion likewis< 
takes place under normal circumstances. 

The following simple experiment made by Franz Hofmann ' 
on fly-maggots, undoubtedly proves that fat does arise Iron 
proteid under normal conditions. It is an easy matter ti 
collect, free from impurity, the eggs of the Mmcida vomitoria 
which are laid in heaps on a corpse in the summer-time 
Part of the eggs so obtained was employed by Hofmann ti 
estimate the amount of fat; the other part was allowed U 
develop on blood. The fat in the blood was also determined 
After the maggots were full-grown, the fat in them was like 
wise ascertained. It was found that there was ten times ai 
much fat in the full-grown maggots as in the eggs and bloot 
together. For instance, in one experiment, 0'02 grm. o 
eggs containing O'OOl grm. of fat developed in 52 grms. o 
blood, which had 0'017 grm. of fat, the full-grown maggot: 
containing 0'201 grm, of fat. This can only have beei 
formed from the proteid of the blood ; it cannot be referre< 
to the sugar of the blood, for 50 grms. of blood seldon 
contain more than 0'07 grm. of sugar, and even this far toi 
small a quantity must have decomposed very rapidly ; be 
sides, the maggots had not consumed nearly all the blood. 

From the following experiments on dogs, Pettenkofer am 
Yoit t came to the conclusion that fat may be formed frou 
albumen, in mammals, with a normal dietary. They fed then 
on large quantities of lean meat, and with the help of the respi 
ratory apparatus they determined the total income and output 
It was found that all the nitrogen, but not all the carbon, c 
the meat reappeared in the excretions. In one experiment, 

• Franz Hnfmaim, ZeiltchT-f. Biotog., vol, T[ii. p. 159: 1872. 
t I'etteakofcr and Yoit, Licbig'a Atitial., Suppl. ii. p. 361 : 18G2; Zeittchi 
/. Biot<,g,, vol. vi. p. .t77 : 1870 ; and toL »ii. p. iM : 1871. 
} Ibid., Tol. vii. p. 487 : 1871. 
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for instance, in which a. dog of 3-1 kgrma. weight ato 2800 
grme, of meat, the whole of the nitrogen was eliminated, 
against only 271 grras. of the carbon, of which SIS grms. 
had been taken; 42 grma. were therefore missing. These 
remained behind in the body as a non-nitrogenous compound, 
and moreover, as Pettenkofer and Voit concluded, in the form 
of fat. It may be objected that this compound may have 
been glycogen jiiat as well as fat. The amount of glycogen 
stored in the body of camivora is by no means inconsider- 
able, and varies widely. Bohm and Hofmann* found it 
amounted from 1"5 to 8'5 grme. per kilogramme of a cat's 
weight. The 42 grms. of carbon correspond to about 100 
grms. of carbohydrates. If, therefore, we assume tliat the 
former are stored in this form, there must he an increase of 
glycogen amounting to S grms, per kilogramme of the body- 
weight, which does not appear impossible. But we ought 
not to forget that this increase of glycogen must take place 
in one day ; the animal had had the same food on the 
previous day, therefore so great a change in the amount of 
glycogen was not very probable. But the experiments must 
be continued over a longer time before this point can he 
definitely settled. It might, however, be decided in another 
way, i.e. if it were possible to make an exact comparison of 
the income and output of oxygen. The difference in the 
amount of oxygen in fat and glycogen is very considerable. It 
must therefore be possible to determine the form in which 
carbon is stored up from the quantity of the oxygen remain- 
ing in the body. But at present we have no method of 
directly estimating the amount of oxygen in food, and even 
the inspired oxygen is calculated, according to Pettenkofer'H 
method, from the difference. 

One more objection may be raised to the experiment made 
by Pettenkofer and Voit, i.e. that the meat was not quite free 
from fat and carbohydrates. The formation of fat from 
• Dohm ud Hofmana, Areh,/. exper. Path. u. Pluirwi., Tol, Tiii. p. 230 : 1878. 
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[ albumen in the organiBm of the mammal, nnder normal con- 
ditions, has therefore not yet been decisively proved.* But it 
, however, highly probable, because it ia certainly the case 
with the lower animals under normal circnmBtances, and 
with mammalB under pathological conditionB. Moreover, 
it may be adduced in favour of the normal formation of 
I fat from protoid, that, as we have already seen (p. 385), gly- 
l oogen owes its origin to proteid, and fat to glycogen, and 
fact to any carbohydrates, as will be shown directly. 
[ No chemical explanation of the formation of fat from proteid 
[can at present be offered. However, the proceas must not 
Lbe regarded as of ao simple a nature, that the fat ia 
r immediately spht off from the gigantic proteid-molecule as 
a preformed radical. Profound decompositions, metamor- 
phoses, and consequent syntheses are going on, of which we 
cannot at present even form a conception. 

We now come to the third and last point, as to whether 
the ciBBOHYDRATEs are converted into fat in the animal body. 
From the numerous experiments made on this subject, we 
will select the following, as being perfectly rehable in their 
results. 

N. Tschervinsky t made his experiments with young pigs. 
In one ho used two of ten weeks old from the same Utter, 
No. 1 weighing 7300 grms., and No. 2 7290 grms. It 
would, therefore, be supposed that each had about the same 
proportion of fat and albumen as the other. No. 1 was 
killed, and all the fat in the body was estimated, as well as 
, the nitrogen, from which the maximum of proteids waa 

* The remainiiig piperiments quoted ia bvour of Ibo view that &t is 
formed from proteid, sre also ratber doabtful. Compare Siibbotin, Virehnw'a 
Arch., Tol. xxiTi. p. 561 : ISGS; and Kcmmerich. Centralb.f, d. mad, Wiiteittck., 
: p. 46.'): 1866: and p. 127; 1S67. 

t N. TsuhervinBkj, Landw. Tiveuehiiilalianen, to]. xx\s. p. 317: 1883, 
KxpenmfmtB of a stmilar ohamcter bj otbei authors led to tbe aamn TeialU 
(F. 8uih]ot, ZdUehr. d. landieirOu^/UUhen Vereini in Sayem, Auguet-Heft, 
\»M: B. Schulie, Landw. Jahrb., 1, S7: 16^; Bl. ChuniGWBkl, ZeiUchr. /. 
molog.. ToL n. p, 179 : IBM). 
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deienmned. No. 2 was then fed on barley for four montliB. 
The barley waa analyzed, and an account waa kept of the 
barley eonanmed. The amount of undigested fat and proteid 
waa also estimated by analysis of the excretions ; and in this 
way, the quantity of theae two Bubatancea absorbed by the 
animal in the four months was ascertained. The animal, 
whose weight had increased to 24 kgrms., was now killed, 
and the proportion of proteid and fat in the whole body 
determined. 

Nil. If conlAinod 
No. 1 

There wsre added, therefore 1-56 „ » » B'S*: „ „ 

TnkeD up with the food . . T'49 „ „ „ 0*66 „ „ 

Differenoa — 5-93 + 7-8 

Thus 7'9 kgrms. of fat had been added in the body — an 
amount which could not have originated from the fat of the 
food ; of tbia only the smallest portion could have ariaen 
from the 5'93 of the proteid that was derived from the food, 
and was not deposited in the form of proteid. At least 
6 kgnna. of fat mnat therefore owe its origin to the corbo- 
bydratea of the diet. This is so large a proportion aa to 
refute all doubts, and particularly the objection, that the 
identity in the amount of fat and albumen in both animals, 
upon which the whole experiment rests, is an arbitrary 
aaaumption. 

A different method was adopted by Meissl and Strohmer." 
They fed a one-year-old pig, weighing HO Icgrma., that waa 
inclined to corpulency, for seven days upon rice, which ia 
poor in fat and proteids and rich in carbohydratea. Two 
kgrms. were administered to the animal every day. The 
rice had been analyzed ; the urine and ffecea were collected 
and also analyzed. On the third and sixth days of the 
experiment, the animal was placed in Pettenkofer's respira- 
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tory apparatue, in order to determine the excretion of et 
The result was that 289 grms. of the carbon daily consume*!, 
and 6 grms. of the nitrogen, were retained in the body : 
38 grms. of albumen with 20 grms. of carbon correapond 
to the 6 grms. of nitrogen. It follows that 2li9 grms. of 
carbon must have been daily retained in the body as fat. 
It is impossible that so large a quantity of carbon could every 
day have been stored up as glycogen. How, then, was tbia 
quantity of fat formed? Of the daily food, S^S grms. of fat 
and 104 grms. of albumen had been digested; of the latter, 
88 grms. had been deposited. The remaining 66 grtas. of 
proteid and the 5"3 grms. of fat cannot have yielded the 269 
grms. of carbon necessary for the deposit of fat, which most 
therefore be derived from the carbohydrates. 

It has often been asserted that the formation of fat from 
carbohydrates only takes place in herbivora and omnivorai 
and not in eamivora. I therefore briefly mention the following 
esperiment, which Eubner," with the help of a respiratory 
apparatus, made on a dog. The animal, after fasting two 
days, was fed on cane-eugar and starch. A large quantity of 
carbon was retained — much too large, in fact, to be accounted 
for by the deposit of glycogen ; it follows that fat had been 
formed from carbohydrates. 

The formation of fat from corbohydrateB ofFers a complete 
enigma to the chemist, and, more than anything else, proves 
that the synthetic processea occurring in the animal cell are 
as compheated as those in the vegetable cell. 

Many attempts have been made to utilize our knowledge 
with regard to the formation of fat, in order to determine the 
causes of corpulency in man, and the means of counteracting 
and preventing it. The error has been committed of 
attributing the cause of obesity to too ample a diet, or even 
to an unsuitable combination of food, such as a diet vdtb au 
B proportion of carbohydrates or of fat. 
• Wai Ruboer, ZaUchr.f. Biolog., toL xiii. p. 272 : 1886. 
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It is both right and natural for a man to eat whatever 
be likes aiitl as much as he likes, and, If he otberwiae leads 
a healthy life, this ej-atem does not conduce to corpulency. 
Why ebould we accuse a normal function of being the cause 
of a pathological process ? Obesity is in all cases due to 
insuffieient employment of the muscles. A person taking 
bodily eserciso does not become fat, whatever form of diet he 
adopts. I quite admit that the tendency to corpulency may 
vary considerably in different people; but this only shows 
that the organs which constitute half the weight of the body 
may not he suffered to become atrophied with impunity in 
every case. There is no such thing as a disposition to 
stoutness which may not be overcome by muscular work. 
Show me a single fat 0eld-labourer ! It cannot be said that 
all these people are badly fed ; many of them are as well 
nourished as it is possible to he, and their diet is certainly 
never poor in carbohydrates, nor often in fatty matter. 

It is well known that the deposit of fat is encouraged by 
the use of alcohol, for which we are at present unable to 
give a satisfactory explanation. It readily suggests itself 
that alcohol, as a very combustible substance, exercises an 
economizing effect upon organic articles of diet, which are 
all capable of being converted into fat. But it is possible 
that alcohol promotes the formation of fat, in the same way 
as we have seen with other poisons, such as phosphorus, 
arsenic, and antimony (vid<^ supra, pp. 142-143, and pp. 
408-409). In a great measure, the influence of alcohol on 
fat-formation may be attributed to the paralyzing influence it 
exerts upon the human brain, causing indolence and indis- 
position to bodily exertion. The therapeutics of corpulency 
are, therefore, very simple : the patient must he prohibited 
the use of all alcoholic beverages, and he must be required 
to take exercise. In many cases, to forbid alcohol is all that 
is required. With regard to the latter point, it is necessary 
to be cautious, and not to insist upon sudden and violent 



416 LECTURE XX. 

muscular work, if the heart already shows signs of weakness 
and fatty degeneration. Corpulency should not be met by 
a so-called short cure, such as mountaineermg during a few 
weeks in the year. The cure should last as long as life, and 
should merely consist in putting the muscles to their natural 
use. That, however, is the very thing the wealthy patient 
will not do, any more than he will renounce his alcohol. 
Physicians, therefore, have devised the most extraordinary 
methods for reducing fat, by which possibly some thousands 
have been cured to death. The absurdity of all these cures 
consists in trying to substitute one abnormality for another. 
The physician endeavours to compensate for insufficient 
muscular work by insufficient nourishment, or by a badly 
composed diet, or even by causing an imperfect digestion of 
the food (through administering saline purgatives) ; in other 
cases, he permits the continued use of alcohol while vdth- 
drawing the carbohydrates and fats. 

If the first irregularity be entirely and permanently over- 
come, it is unnecessary to interfere in any other way with the 
natural course of the vital fimctions. 
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LECTUEE XXI. 

DIABETES HELLITUS. 

In our remarks on metabolism in the liver, and on the source 
of muscular energy, we became acquainted with the destiny 
of carbohydrates in the body, and with the way in which they 
are utilized under normal conditions. We are now, therefore, 
in a position to consider the intricate investigations concern- 
ing the destiny of carbohydrates under pathological conditions, 
and especially the reaearches into the causes and nature of 
diabetes mellitus. This is a subject which touches on all 
branches of physiological chemistry, and about which a 
complete library of books * has been written, the references 
to which would alone form a good-sized volume. 

These remarks will be confined to the chronic form of 
diabetes. Transient glycosuria! occurs as a consequence, 
and sometimes as an unimportant symptom in a great 
variety of maladies, such as zymotic diseases, digestive dis- 
turbances, neuralgia, hsemorrhages, and other affections of 
the brain, cerebro-spinal meningitis, epilepsy, psychical 

* An aoooant of the most important works on diabetes mellitus is giyen by 
CI. Bernard, '* Lemons snr le diab^te :" Paris, 1877; Ed. Kiilz, '<Beitrage zur 
Pathologie und Therapie des Diabetes mellitus : " Marburg, 1874 and 1875 ; 
Frerichs, ^Ueber d. Diabetes : " Berlin, 1884. Frerichs has watched no less than 
four hundred cases of diabetes, and has recorded the results of his wide experi- 
ence in a clear, comprehensive, and critical work, especially remarkable for its 
objectivity. We strongly recommend this book to the student. Compare also 
F. W. Pavy, **0n the Nature and Treatment of Diabetes," 2nd edit., London ; 
and J. Seegen, ** Der Diabetes mellitus," Aufl. ii. : Berlin, 1875 ; and Arnoldo 
Cantani, '' Der Diabetes mellitus," Deutsch von S. Halm : Berlin, 1880. 

t Frerichs (loc. cit, pp. 25-61) gives a comprehensive account of all forms of 
transient glycosuria. 

2 E 
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excitement, poisoning by varions aubatances,* etc. No g 
factory explanation to accouut for the appearance of glycosuria 
in all tliGBo cases has yet been given, and it would lead ns 
too far to discusB all the maladies of which glycosuria forms < 
a Bymptom. 

But even if we confined onreelves to that chronic diaorder 
which ia strictly termed diabetes, a, complete account of thai 
disease and its numerous and varying Bymptoms would be 
beyond the scope of the present lecture. It is merely oar 
intention to collect the chief results of the esperimental 
investigations carried out for the purpose of determining 
the causes and nature of this disease. 

Up to the present, pathological anatomy has led to Do- 
conclusion. Post-mortem esamination of the bodies oC 
diabetics proves that there is not a single organ which does 
not occasionally show anatomical changes; on the other 
hand, there is not a single organ that does not frequently 
appear normal. It is likewise irapoeaible, in all ca3e8, to 
decide whether these anatomical changes are the canse or 
the consequence of the chemical changea.f 

We will, therefore, restrict ourselves to the consideration 
of those data which bear upon physiological chemistry. The 
most obvious symptom, the occurrence of sugar in the QrineJ 
has always formed the basis of these observations. 

As already stated, normal urine contains no sugar, or i 
most a trace. In diabetes, often a very considerable amoaot 
is found, varying from a few grammes to one iiilograiiims 
in twenty-four hours' urine. This sugar is invariably dextro- 
rotatory grape-sugar, t With many patients who have tho 



* Of these labstanoes. phlnri<lzin miist be partioulnrly 
■ctiDQ DO nniiuiiU MraUiomj; nn glyi^ngon hm been alreitdy nntieed (p. SHIS), 

t Prpricha (loo. nil,, pp. 1-14-181)) giiDB a, cooiprelieniiive and inatrnoUi 
tabiiluld account (if tho rtsulfji of fiHTllTe natopsiea. 

i J. BeogfD statra thut bo has found licvo'intalnrj sagar in the arina of 
pewoB Bufftring fmni "diubelei inleimittoaa" {OeiUralb. /. d. vud. 
Ho. 13 . 1381. 
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(lisease in a mild form, the sugar disappears from the arine 
if carbohydrates are excluded from the diet ; with others who 
are more seriously affected, the excretion of sugar continuee, 
even though an exclusive meat diet be adopted. In what 
way can we account for the appearance of thia large amount 
of Bugar in the urine ? 

Only two Buppositions are open to ue. Either the kidneya 
have lost their power of preventing the sugar, normally 
present in the blood, from passing into the urine ; or else 
the kidneys have retained their usual function, bat the 
amount of sugar in the blood has abnormally increased. 

The latter supposition must be regarded as the correct 
one ; for the former would imply that there is less than the 
normal amount of sugar in the blood of diabetic patients, 
whereas the quantity found is, as a matter of fact, always 
above the normal. The blood of man and of the dog normally 
contains from 0'05 to 0*15 per cent, of sugar; the blood of 
diabetic patients from 0'22 to 0'44 per cent." If the propor- 
tion of sugar in a dog's blood be artihcially increased to 
more than 0*3 per cent., by the injection of a saccharine 
solution, sugar passes into the urine through the kidneys in 
the usual manner. No affection of the kidneys has ever been 
discovered in the first stages of diabetes. 

It is therefore certain that an abnormal increase of sngar 
in the blood is the cause of the appearance of sugar in the 
urine. 

We now come to the question as to the cause of the 
increase of sugar in the blood, and again we have to choose 
between two explanations. There must be either a larger 
quantity of sugar formed, or a smaller amount of sugar 
decomposed. 

The first explanation cannot be accepted, for from wha'r 
could the large proportion of sugar be formed ? Not from 

* Carl Bock and Fixlr. Albin Hofmnnn. " Eipottuiontello Studien Ubet 
Dinbetoe," p. Ul ; Burlio, 1871; Kraricba, ioc eft., p. 2tiU. 
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the other carbohydrateB. as this would be a normal process 
not from the fats, eb diabetic pationts can digest and asBimi- 
late them in large quantities.' As to the proteids, assuming 
that a diabetic patient consumed 300 grm3.t in a day (which 
it would be difficult to do), even this amount of albamen 
would not form more than about 200 grms. of sugar ; for a 
large proportion of the carbon must be given off with the 
nitrogen. But even if 200 grms. of sugar reached the blood 
in the course of each day, it would not cause diabeteSt so 
long as the decomposition of sugar remained normal. A 
man, on a diet of potatoes, will form from 600 to 1000 grma. 
of Bngar per day from the etarch in his food, without an; 
sugar passing into the nrine. 

We mnst therefore accept the other explanation, that the 
increase of sugar in the blood of diabetic patients 
diminution in the amount of sugar deoomposed. 

The power of decomposing the sugar is never entirely 
arrested ; it is only more or less impaired. Kulz I has shown 
that, even in severe oases of diabetes, there is a smaller 
amount of sugar in the urine than would corn>spond to the 
carbohydrates of the food. 

We will now proceed to inquire how the power of splitting 
up sngar is impairiid — a question which, again, appears to 
be capable of but two answers. We are only acquainted with 
two processes by which food is split up in our tissaes: de- 
compositiou and oxidation. One of these two processes mast 
be diminished. 

' Petteukofer anil Voit. Zeiliehr. /. BMeg., vol. ili. pp. 400. 408. 416, 41S, 
436 : 1876. L. Block (DeutocA. Arch./. Hin. Med., vol. iit. p. 470 : 1880) found 
Ibat onlj 9 gnna. out of from 120 lo 150 griuL of M nwppearud in tlis feoe* of 
diabetic patients. 

t With a diahetio pntfont, (be ursn eierelel in twi-ntv-fonr lioun aelilom 
amoantB lo more than 100 grma., wbich mrreR|ioiida to 300 >rrni». or proteM. 
Pettenkofst nad Voit (toe. cil,, p. 424). found from 46 to 86 grins, of area 
severe earn of diabetes, the patient bting; allowe<l ti cut wlmtever he liked. 

t Eiili. " Battr. u Path. u. Tlienp. d. Diabetes mellitui." pp. 110-119 ■ 
Marbnig, 1874. 
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No decline in the proocss of oxidation in diabetes has so 
far been proved from observations and esporimenta. The 
ultimate products of proteid combustion are normal, and 
the fat appears to be completely oxidized to carbonic acid 
and water. Salts of vegetable acids, and lactates, reappear 
in tlie urine as carbonates.* Benzol is osidized to phenol.t 
Certain carbohydrates even (such as licvulose, inulin, and 
inofiit), and mannite, which is so closely related to the 
carbohydrates, are decomposed.! How is it that grape- 
sugar alone remains anoxidized ? 

That oxidation is not impeded is fmrther proved by the 
circumstance that no increase of sugar in the blood, or 
passage of sugar into the urine, § has ever been observed 
either in diseases connected with disturbances of external 
and internal respiration, or in artificial respiratory dis- 
turbances, i| 

We must therefore conclude that the grape-sugar cannot 
be oxidized, because its decomposition is impeded ; decompo- 
sition must precede oxidation ; if the former be impaired, the 
latter cannot take place, although neither external nor in- 
ternal respiration is disturbed. 

0. Schultzent endeavoored to snpport this view by 



* 0. SohiiltzBD, Berliwr klin. WoefteTUrhr.. No. 35 : IS72 ; Nencld sod fiieber, 
ZeilKihr. /. prakt. Chrm., rol. ixn. p. 34 : 1882. 

t Nencki nnd SJeber, loe. oit., p. 36. 

I E. KUli, -Boilr. z. Path. n. TUetap. d. Diabetes melUtUB." pp. 127-175 : 
Uuburg, 187-1. Tbe nperimeot with maimile does Dot seem to bo oonvincJng, 
because borborygmi, dntnlenoo, nnd diarrhraa occnrred after talting it. It is 
posaible tbat the maanite iotroduiwd wai moetly deoompoeeil bj formoDtative 
organising in the alimautarj canal. A smnll ainoimt wu> found unalterad In 
lbs urine. With respect to iaoait, vifle also E. Kiils, SiUunyMber. d. Go, t. 
Be/tkderung <I. ge«. Nalane. lu Marburg, No. 4 : 1B76. 

S Von Mitring, Ard>. f. Phj/iiol., p. 381 ; 1877. 

i Senator, Virabow's Anh., vol. xlit. p. 1 : 1866. 

f O. Scbnltzen. loe. cit. The viev that tupa conld only be ozidixed sub- 
■eqnentlj to deoamp-nition was Qret su^estod \ij fioheremetjevski in a Mseaioh 
published from 0. l.udwig'u IiLbotutory (Jr'i. qui d. phyiiol. Andalt m I-eipiHj, 
p. 145: Jah^.,1868i Leipzig, IHSU). OurafareaUo Nencki and fiieber, Ioa.«i'l., 
p. 39. 
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comparing obeervationB on diabetics with those on pent 
suffering from phoBphorua-poisoning. Ab we have already 
Been (p. 269), oxidation is diminished in cases of phosphoras- 
poiBoning. Instead of sugar, lactic acid occurs in the urine ; 
and this Schultzen regarded as a normal product of the 
decomposition of grape-sugar. He therefore said that, after 
phosphorus-poisoning, the power of oxidation was lost, but 
not that of decomposition, while the reverse was the case 
in diabetes. Hence, after phosphorus-poisoning, the normal 
product of decomposition appears in the urine, while in 
diabetics, in spite of undisturbed oxidation, the unaltered 
grape-sugar appears in the urine. 

The following experiment of Pettenkofer and Volt • may 
he interpreted in the same way. By means of tbeir respi- 
ratory apparatus, they showed that a diabetic took in leas 
oxygen and excreted less carbonic acid than a healthy person. 

It was not that less sugar was broken up, because the 
ineome of osygen was reduced, but that lees oxygen was used 
up, because the formation of osidizable products of decompo- 
sition was diminished. 

This theory is very inviting, hut objections may be raised 
to it. The fact, already mentioned in our remarks eoncem- 
ing internal respiration (p. 281), that certain substances, 
after introduction into tbe body, appear in the urine con- 
jugated with glycurouic acid, is opposed to the view that 
decomposition must precede oxidation. Glycuronic acid ib 
undoubtedly a product of oxidation, hut not of decomposition ; 
all six atoms of carbon are still united, and yet oxidation has 
begun. Conjugation alone prevents its completion ; and aa 
soon as the compound is split up, nothing can stop its further 
progress. 

Nencki and Sieher say, "We do not doubt that, if the 
diabetic oould break up sugar to form lactic acid, he would 

2S, 429, 431, and 
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afterwards be able completely to oxidize tbe sugar." • But 

lactic acid ia evidently Dot the normal product of decompo- 
fiition of BUgar in the body. The earcolactic acid, which 
is invariably present in the organs, probably arises from 
proteid (pp. 345-346), Ab nothing is yet known concerning 
the course ttnd sequence of the decomposition and oxidation 
of Biigar in the organism under normal conditions, we are 
scarcely in a position to inquiro into the abnormal chemical 
processes occurring in diabetes. 

Attention must be particularly called to the occurrence 
in the diabetic urine of substances which are evidently 
products of incomplete oxidation : oxybutjTic acid, aceto- 
acetic acid, and aceton.t They probably arise from the 
proteids, for their amount is independent of any addition of 
carbohydrates to the diet, but increases with increased proteid 
metabolism. J They do not occur in all cases of diabetes, but 
generally in the more severe forms of the disease, in which 
the destructive metabolism of proteid is augmented. 

The oxybutyric acid in diabetic urine is the lievo-rotatory 
3-oxybutyric acid (CH^ - CH{OH) - CH, - COOH). The aceto- 
acetic acid (CHa-CO-CH^-COOH), which can be artificially 
produced by oxidation from /3-oxybutyric acid, breaks up 
readily into aceton and carbonic acid: CHj — CO — CHj — 
COOH= CHj-CO-CHs + COi. The aceto-acetic acid and 
the aceton in diabetic urine have probably originated in the 
same way in the organism. 

* Nenoki and Sieber, Journ. / praltt Chem.. toI. xxti. p. 37 : 1882, 
f SUdDlmiLDii, ^rcA. /. exper. Path. u. PAarai., vol. xvii. p. 410: IS83; and 
2nrMAr. /. £i-Jiig., vol. iiL p. 140: 1BS5: ilmkovikl. Arch. /. erper. Path. u. 
i'Aarm., vol. zviii. pp. 3,1, 117: 1881; E. EiiU, ZeOnAr. /. Bii,loij.,val. ix. 
p. 165 : 1884 ; and vol. ixitj. p. 329 : 1886 ; aud Arch. f. exper. Path. u. Pharm.. 
vol. iviii. p. 21)1 : ISSl ; Rud. von Jakach. '■ Ueber Aoetoiiurie u. Diacetiirie : " 
Berlin. 1885; H. Wolpe, Arth. f. exper. Path. u. Pharm., vol. xii. p. 138 : 1886 : 
Frericlia, he. at, pp. 114-118. 

t G. Bosenfeld. DeuUch. med. Wochetuohr.. No. 40 ; 1855; Wolpe, loe. eit., 
pp, 15U, 165. The older lilcrutura ia here quoled ; also M. J. UoBHbadi, Oorre- 
tpotultiablalt det uO^tm. HrzUichen Vereint fiir 37tiirinyen, No, lSti7; Chem 
OenlraOi.,^. 1187: 1887. 
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In the last stage of diabetes, when coma set 
amount of osybutj'ric aeid increases, while that of aceton 
diminiBhes.' This fact also appears to argue in fayour of 
an increasing decline in the power of oxidation. 

It must, however, he noted that the occurrence of oxy- 
hutjric acid, aceto-acetic acid, and aceton is not confined to 
diahetes, but has been observed in many other maladies.t 
These anomalous products of metabolism may possibly be 
a direct consequence, not of diabetes itself, but of oertain 
complications which frequently accompany the disease. 

On the other hand, it must be remembered that wastiog 
of the tissues and general cachexia, in short, increased 
destruction of the nitrogenous constituents of the body, 
invariably take place in all the diseases in which acetoDnria 
has been observed, such as febrile infectious diseases, car- 
cinoma, mental affections accompanied by inanition, etc 
The occurrence of aceto-acetic acid has likewise been noticed 
in the urine of healthy persons after prolonged fasting. { 
Increased decomposition of protoid now appears to be sd 
accompaniment of diabetes also ; at least, it was proved, by 
careful experiment in three severe cases, that the patient 
excreted more nitrogen than a healthy person on exactly 
the same diet. The Qrst investigation of the kind was oarried 
oat by Gaehtgens § in his clinique at Dorpat, the second by 
Pettenkofer and VoitJ and the third by Frerichs-IT 

• Wolpe, " UnterfL ti, A Oiybuttetsiiiire (lc9 dinbetiMben Hiimea," DiHart.< 
Kooigaberg, 1886 : Jrch. f. «)wr. Path, w, f AoTin, vol. iii. p. 167 ; 1888. 

t R. von Jutsoh, ■* DebpT Acetonurie n. DiBoetnrie," pp. 54-91 : B«rliBi 
leSS; ElilE, Zeiltchr. /. Bioiog., vol. iiiiL p. 320; 1886; A. BBguuky, Y 
Btda' JrclL.p. 343: lg87. 

X See the interraling notice in the report of the investigfitioas cairipd « 
on Uie " profewioned faster," Cctti, in Berlin [BcrUntr WochenKkHft, tdI, xziv, 
p. 43*1 18H7). 

S Curl Qaehleomi, " Uebcr den SlolTwecbBol cines Dinbotikers, Tergliobeu n 
dem eiDM Oemnilers," Diuert. ! Dorpat, 18S6. 

n Petteokofer and Ynit, ZeilK\T. f. Blotog,, vol. Hi. p, 400. VtS, 412-414, Ai&. 
An Boonnnt of the <ricler litprstnro will be found bere, pp. 425-12(i. 

1^ Frerivhe, loo, dt, p. 276, tt teq. 
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These experiments might be taken to mean that the 
increased decompoBition of proteids in dialjetes was a con- 
sequence of the inadequate breaking up of the sugar ; that, 
because the chemical potential energy of the sugar ^as not 
completely utilized, the proteid must assist in (urnisbing the 
kinetic energy necessary for the performance of the functions 
of the body. This would be analogous to the beliaviour of 
normal muscle, which, as we have seen, has recourse to its 
store of proteid as soun as the supply of non-nitrogenoua 
food runs short. But this is only a teleological, not a 
physico-chemical explanation, and gives no account of the 
causal connection. We must concede the possibility that 
the increased decomposition of proteid may be the first sign 
of disturbance in the metabolism of the organs, and may 
usher in the wasting of the tissues and oil the other troubles. 
It may be also that the occurrence of osybutyric acid, aoeto- 
acetic acid, and aceton in diabetes is not due to the reduced 
snpply of oxygen, any more than it is in the case of the 
other diseases mentioned. The tissues may receive then- 
normal supply of oxygen, but the products of decomposition 
may have risen above the normal amount ; and that part 
of them which reaches the blood in a state of incomplete 
oxidation, cannot be further oxidized there, because, as we 
have already seen (p. 261), no processes of oxidation take 
place in the blood. 

The power possessed by a diabetic, of utilizing lajvo-rotatory 
sugar, is a remarkable fact, which was observed by Kiilz.' 
Ho showed that no sugar appeared in the urine of a patient 
who was but sUgbtly affected with the disease, after eating 
100 grms. of l«vo-rotatory fruit-sugar, and that the amount 
of sugar which consisted only of dextro-rotatory grape-sugar, 

• KQIi. (do. Ml., pp. 130-167. AlBoWonn-Mmier.Pf!ager'g.<rFft.,To!.xiiir. 
p. 576: ISM: 8. (Ig Jong, -OvemtDZctliiigTiiiiiiiilkBuilicr liy diiiUtefl meltitiu," 
DifiBCit. : Aiiisterduii, 1S86 ; oud Franz Hofineuler, Arch, txpel. Path. u. 
Fharm., voL izt. p. 210: I8S9. 
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was not inoreaeed in the urine of a patient viho bad 
form of diabetes, 

XnuUn behaves in the same manner as Ifevulose. It it 
found in the roots of elecampane, chicory, and dandelion, 
and in the tnbere of dahlias, where it plays the same part 
as the starch in the potato tubers. luulin stands in the 
same relation to ItBvulose as starch does to dextrose : on 
boiling with dilute acids, it is split up with hydration to form 
Itevulose, just as starch is changed into destrose. Innlin 
evidently undergoes this decomposition in the organism i 
well ; like Isevulose, it is cousamed in the body of a diabetic. 

It is well known that, on boiling with acids, as well f 
by the action of ferments, cane-sugar is split up into equal 
qaantities of Iievulose and destroae. In conformity with this, 
Eiilz observed that, after the administration of eane-sngar 
in the aggravated form of diabetes, the increase In th* 
excretion of dextrose was equal to half the amount of the 
cane-sugar eaten. The same thing probably happened with the 
sugar of milk, only the results were not quite as clear, beofUtse 
it is largely converted into lactic acid in the intestine. 

This limitation of the power in diabetics to utilize laaro- 
rotatory sugar only ia no isolated phenomenon in animate 
natnre. Certain fungi and bacteria act in the same way 
as the cells.* Of the optically inactive lactic acid, whioh 
contains equal quantities of dextro-rotatory and lEBvo-rotatory 
lactic aeid, the Pencillium glauaoa consumes the latter only, 
leaving the former untouched ; in the same way, this fangas 
leaves the dextro-rotatory only in a mixture of both kinds of 
mandelic acid. SaccharomyceK eltipaoideits, on the contrary, 
consumes the dextro-rotatory mandelic acid only, leaving the 

• pMteur, Compl. rend., vol. rivi. p. ei5t 1858; vol. li. p. 298! 1800; 
i6L ]<rL p. 116: 1863; J. A. Le Bil, ibid., vol. Ixxxvii. p. 213; 1878; yxA, 
liiiii. p. 312 : 1879 : vul. icil p. 843 : 1881 ; J. Lenkowitscb, Ssr. d. daubcfc. 
ehem. Ga., tuL sv. p. 1503: 1882; toL xtI. pp. 1569, 2720,27-^1: 
Em. Bourquelot, Compt. rend., vol. c. pp. 1401, 14(i6 ; vol. oL pp. G8, 05S : leS&l 
Mautnene, ibid., vol. c p. l&OSi vol. c' 
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IsBvo-rotatory ; and this is also the case with a certain variety 
of bacterium. I'rticillhnn i/laiirujn behaves in the opposite 
way towards tartaric and glyceric acids comjiaxed with its 
action on lactic and mandelic acida ; it leaves the Irovo- 
rotatory, tartaric and glyceric acids, untouched. 

From the above remarks, it appears that so far we have 
only definitely ascertained that the power of utilizing dextro- 
rotatory sugar is diminished in diabetes. 

Now, as the bulk of the sugar is nonoaUy deeompoeed in the 
muscles, it seems probable that diabetes may fundamentaUy 
be due to a disturbance of the chemical processes in muscle. 

Insufficient use of the muscles, a sedentary mode of life, 
are frequently given as causes of diabetes. This harmonizes 
with the fact that the disease comparatively often (30 per 
cent, of all cases) occurs in stout people. Obesity is invari- 
ably a result of insufficient muscular esertion (see end of 
Lecture XX.). Moreover, a few cases of diabetes have been 
Buccessfully treated by systematic muscular exercise * (see 
p. 437). 

But the chemical processes in muscle are subject to the 
iufluence of the nervous system, and numerous observations 
tend to show that the symptoms in diabetes are caused by 
disturbances which originate in the central nervous system. 
The disease sometimes occurs immediately after and may be 
traced to, injury to the head, or it accompanies organic 
affections of the brain (hasmorrhages, tumours, sclerosis), or 
other nervous diseases, psychoses, etc. Occasionally violent 
mental excitement or neuralgia has caused an outbreak of 
the malady. In post-mortem examinations of diabetics, the 
brain more frequently shows pathological changes than any 
other organ. 

But it is also possible that the carbohydrates, before being 

utilized in the muscle, must undergo a preparatory conversion 

in other organs, where the disturbauces that cause diabetes 

• KuU, loo. e«., 7oL (. pp. 179-216 ; wid vol. u. pp. 177-180. 
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really take place. From thia point of view, the panel 

Bnggests itself; and it is, in fact, remarkable how freqaei 

pathological changes have been fomid in this gland, elevM 

ont of tifty-five post-mortem examinations described Ifl 

Frericlis * showing this clearly. It is true that the deg«neiW 

tion of the pancreas may, again, be a couBe(]uence of ' 

diabetic process. But anyhow, this fact is a starting-poiol 

for fresh inquiries, and it would be interesting to 

the results of extirpation of the pancreas. This operatiM 

has often been attempted, and has recently been i 

G. Martinotti,t in Turin, has commmiioated the fact 

he has successfully performed it on dogs, cats, aod birdfl 

Bat he did not experiment with a view to diabetes. E 

observed that the dogs without pancreas had an enonnm 

appetite, but he did not test their urine for sugar. 

But von Mering and Minkowski in Strasburg have € 
pated the pancreas for the special object of ascertaining i 
relation to diabetes. They observed permanent glycoenr 
after the operation, but no details have yet been published 
It Btill\remaina doubtful whether the glycosuria was caused 
by the ^moval ^of the pancreas, or by the disturbaaces cm- 
suing from the severe op&ration, especially such as iajtiry.fa 
the solar plexus, wiich could hardly be avoided, and wliidi 
would produce reflelt distnihances in other regions of Utf 
nerVons system. 

Bat even if an affection of the pancreas may be the can 
of chronic glycosuria in some cases, it cannot be bo in i 
This fact, along with many others, would seem to prove thai 
diabetes is not a pathological entity, but rather a gronp t 
allied diseases. 

• Frerichs, loe. cil., pp. 144. 183, 238-248. 

t G. Mnrliiiolli, " Sulla eistirputione del psncreaa." Giomale dejla S. Ami 
Hrmia di Medieina, Ko. 7 : 18^. 

Z For full iletails. ue a reocDt papor b; t. Mering and Klinkowsld in Q 
FehiaAry nomhcr ot %be Jrdi. /. erp. Pnlh. u. Pftana., ISHO. Thejr «hoit d> 
the eSeota could not luTa been doa lo injnrf of the •olar plvxui. 
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Much confiiBion has arisen owing to the endeavour to ex- 
plain the nature of chronic or " natural" diahetes (as it Laa 
been called), from the observations carried out on " artificial " 
diabetes. CI. Bernard has shown that a puncture in the floor 
of the fourth ventricle, midway between the origins of the 
auditory and pneumogaBtrie nerves, is followed by the passage 
of sugar into the uriue. This artiJicial diabetes is obvioasly 
quite a difTerent process to the natural disease. It lasts only 
for a few hours ; and if, at the expiration of this time, when 
the urine has again become free from sugar, the animal be 
killed, no glycogen will be found in the liver. If all glycogen 
be removed from a dog by starvation, puncture of the " diabetic 
centre " remains without effect." 

If a solution of grape-sugar be injected into the mesen- 
teric vein of a healthy dog, which has been deprived of gly- 
cogen by starvation, very little sugar appears in the urine. 
But if the liver be freed from glycogen by puncture of the 
floor of the fourth ventricle, and the injection into the 
mesenteric vein be then given, a very large amount of sugar 
is found in the urine.f 

Artificial diabetes, therefore, is due to the inability of the I 
liver, in consequence of disturbed innervation, to retain the 
glycogen. The blood becomes flooded with sugar, which 
passes into the urine. 

If natural diabetes were doe to the same cause, and if the 
liver had lost its power of regulating the amount of sugar in 
the blood, of storing carbohydrates during absorption, and of 
supplying sugar to the blood, according to the needs of the 
economy, we should expect to find that the amoimt of sugar 

' L«ipi>1d B*elie, " Verftloiehenda Unt«nii«hiiDgen fiber den Zackertei- 
brnuoh iiii diiiln tiselieo uod iiinlit diabetiBpIim Tbiere," DitieerL : Kunigvberg, 
1ST3. The wncha if Vnrj nod Dock arc tjuoted here. I.ucli~in^vr hu publiibed 
aoon6rmBlLoii <if these ri-Bulta: " Exper. a. krit. Beititge zui Plijniul. u. Putliol. 
des OljootninK," Diawrt,, p. 72 : ZUtioh, 1875. 

t Nuunyri. Arrh. /. f^jier. Palk. u. Pharm., Tul. iii. p. 08 : 167S. A Oliti«al 

Booount IB bure giveu of the euliei vorlu on tliia point 
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in the blood of diabetics would sometimes be aboTd 
sometimes below normal. Tliia is not the case ; it 
always been found to be increased. 

The objection may be raised that the diabetic patienj 
takes food in such quantities and so ofteu, that absorption i 
never interrupted, and that the blood is constantly loaded 
with sugar. 

We must, therefore, try to decide the question in a d 
manner, and ascertain whether a diabetic liver contains gly' 
cogen. This method has actually been adopted. 

Kiilz ■ examined the liver of a patient who suffered froa 
the aggravated form of diabetes, and had been for a long timi 
before his death restricted to a diet of meat. The patient 
had taken his last meal thirty-four hours before death, anj 
had been moribund for twenty-eight hours. The post-mort 
took place twelve hours after death. About the tenth pari 
of the Uver served for the determination of glycogen, and 
yielded roughly 0"7 grms. of glycogen. Kiilz estimated tfa^ 
amount of glycogen in the whole liver at from 10 to 15 grmi 
Besides this, it contamed a large quantity of sugar, part < 
which also originated from the glycogen. f The amount ( 
glycogen during life must therefore have been very considwN 
able. 

Von Mering t had the opportunity of examining the liren 
of four diabetics, in Frerichs' wards. " Two of them, who 
died of phthisis, and who had no sugar in the urine eighteen 
and twenty hours before decease (although there had pre^ 
viously been a considerable amount), exhibited neither gly* 
cogen nor sugar in their liver, although in one case the ] 



* Rail, Pfliiger's ArOi., vol. ilil. p. 2G7 : ISTG. See also the oMer Btatonra 
of KUhoe, Viit'hoo'B Arih^ vol. xxxij. p. 513: ISGS : and M. Jitfl*^ ibid., n 
lUTi. p. 20 : 1866. 

t To obtain an exact eetimste of tho glycogen, tba liver muet be iattusMi 
in boiling water directly after death, in order to slop tbe fermentative aoUoB, 1 
wbicb the jiljcogen would otherwise be troken up. 

t Von Meiiag, Ffliiget'B Arch., vol. liv, p, 2gl : 1877. 
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mortem esamination took place immediately after death. Id 
the two other cases trliere the diabetics diod siiddeoiy, and 
the urine removed from the bladder after death waa full of 
BOgar, both glycogen and sugar were found in abundance," 

M. Abelea * examined the organs in the bodies of five 
diabetics, in E. Ludwig's laboratory in Vienna. No glycogen 
was fonnd in any of the organs examined in two cases, one 
of which had died of phthisis, and the other of prolonged 
famncalosis and metastatic purulent pericarditis, The re- 
maining patients had died from diabetic coma. The organs 
■were not examined for several hours after death. The liver 
was examined in two cases, and a little glycogen was found : 
0*16 grm, and 0'59 gim. There was none in the muscles. 

The liver of living diabetics has also been examined for 
glycogen in Frerichs' wards.t These experiments are so im- 
portant that I will quote the passages, unfortunately very 
short, in which they are described. 

" Professor Ehrlich effected it by means of a fine trocar, 
which had been carefully disinfected, and which waa inserted 
in the parenchyma of the liver. When the instrument was 
removed, sometimes a little blood only, but generally a few 
hepatic cells, either isolated or united in groups, were found 
in the tube ; there was occasionally a somewhat larger piece 
of the liver, which was hardened in alcohol, and cut, after 
being imbedded in collodion. In this way, we were able to 
examine the hepatic tissue during life in three cases. They 
had all, both healthy and diabetic, eaten heartily, especially 
of amylaceous food. The puncture was made from four and 
a half to five and a half hours after the meal. 

"A considerable quantity of glycogen was foond in the 
first cose, that of a healthy man, addicted, however, to 
alcohol. The cells in the peripheral regions of the acini 

* AT. Abelen, Centrotb./. d. med. Wiueiueh., p. 449 : 188S. 

t Frericha, Inc. ait., p. 272. Alio phfea of tbe histolot^icnl BoctionB of tlio 
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liad undergone fatty degeneration, but contained glycogen 
as veil. 

" The second case was that of the diabetic Dn. The> 
hepatic celta were almost free from glycogen, tboagh a few 
showed a slightly brownish hue, denoting the presence of 
traces of this substance. 

" In the third case, that of a diabetic woman, a tolerably 
large amount of glycogen was found in the hepatic cella. 
The distribution of glycogen was very unequal, parts contain- 
ing but little alternating with others richly provided with it. 
Large granules of glycogen, which frequently filled almost tfaft 
whole of the cells, were often found in the marginal actni 
They did not, however, consiet of pure glycogen, but mainl] 
of a supporting substance, as their yellowish colour denoted. 
They could not be regarded as artificial products caused 1 
the alcobo), aa they occurred likewise in dried preparatioosi 
The nuclei were generally free from glycogen, attbough i 
one place glycogen appeared to he deposited round tbt 
nucleolus. This is very analogous to the deposits of Btareh 
round the nucleoli in plants. 

" Examination of the dried preparations, which were < 
tained from repeated punctures, showed the same reso)^ 
I.e. absence of glycogen in case 2, and a moderate i 
in case 3." 

I think these facts also indicate that we cannot apply tli« 
term diabetes to one single malady ; lesions, similar to tbosa 
which produce artificial diabetes, may also produce certain 
forms of the malady (and especially glycosuria from iiyai] 
to the medulla oblongata), but by no means all. 

The fact that no sugar passes into the urine in cases ( 
prolonged hepatic disease, in cirrhosis of the liver, and i 
phosphorus- poisoning, is very remarkable. Frericbs oooM 
not detect any sugar in the uriue, eveu after large guantitiei 
of grape-sugar bad been taken, in cases of cirrhueis of I 
liver, where a subsequent autopsy showed complete < 



DIABETES MELLITUS. 433 

ration of that organ.* After adtninistration of from 100 to 
200 grms. of grape-sugar to patients suffering from phos- 
plior us -poisoning, in Frerichs' wards, a small amount of it 
was traced in tbe urine in two cases, while in seventeen 
others the result was negative. No trace of sugar or gly- 
cogen was ever found in the liver in any case of phospliorus- 
poiaoning, where fatty degeneration of that organ had set in.t 

Diabetes is evidently not due only to a disturbance of the 
glycogenic function of the liver. As far as I know, tbe mnsole 
of diabetics has only been examined for glycogen in two cases, 
and, as already stated, with a negative result.J 

The varying course and issue of the disease seem also to 
show that there are many different forms of diabetes. § Ws 
can find all stages between transient and symptomatic gly- 
cosuria on the one hand, and the chronic variety of diabetes 
on the other. We occasionally see that the milder forms of 
chronic diabetes are as completely cured as symptomatic 
glycosuria. In chronic diabetes, a temporary disappearance 
of glycosuria may, as we have already mentioned, be fre- 
quently induced by a withdrawal of carbohydrates from the 
food. If the patient takes active exercise, a considerablo 
quantity of carbohydrates may be borne without a passage of 
sugar into the urine. In other cases, again, the escretion 
of sugar continues, although the food may consist exclusively 
of albumen a«id fat. Slight forms of diabetes frequently 
become aggravated, and, apart from this, they are not exempt 
from fatal complications. The severe form also runs a varying 
course. It is sometimes acute, and death occurs after a few 
weeks, or, it may be, after a year or two ; in others, it may 
not take place for from ten to twenty years. Ordinarily 
glycosuria is associated with polyuria, the daily amount of 

• Frerichs, loe. eit., p. 43. t Ibid., p. i5. I Abeles, Uk. eit. 

§ Frdr. Albin Unflinniiu has mode sq ioteresting attempt lo clniBifj and 
define the Tnrioiu forms of diabetei {Verhandl. d. Congr./iir inn. Mfd., p. 169 ; 
KUiifter Conf;reaa, Wieubadeii, 1886), Compare nteo Ku'z, loc eit., vul. i. p. S17 : 
Kud vol. iL p. lU. .. • 

2 F 
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urine rising to as much as 12 litres, while the patients are 
tortured by continual thirst. On the other hand, sugar may 
appear in the urine without polyuria and increased thirst. 
Frerichs * has observed more than thirty cases in which the 
amount of urine did not exceed 1700 to 2000 cms,, while the 
quantity of sugar rose from 4 to 6, and even 8 per cent. In 
rare cases, diabetes mellitus may pass into diabetes insipidus,! 
polyuria without glycosuria. In diabetes, death is caused by 
various complications, such as simple marasmus, pulmonary 
phthisis, furunculosis, or carbuncles, nephritis, etc., and is 
frequently ushered in by diabetic coma. 

I will dwell upon these symptoms a little more fully, 
because recent researches afford a perfectly satisfactory 
chemical explanation of them. The abnormal constituents 
of the urine, to which I have already drawn attention, oxy- 
butyric acid, aceto-acetic acid, and aceton, which may fre- 
quently be traced in small quantities during the earlier stages 
of the disease, become considerably increased in coma. We 
shall immediately see that the cerebral symptoms occur at 
the same time that these substances are produced. 

A comatose condition certainly may occur, towards the 
close of the disease, without these abnormal products of 
metabolism being formed, but in these cases the coma 
depends upon complications, such as acute cardiac insuffi- 
ciency, cerebral hemorrhage, nephritis, and the like. But 
in most cases, the above-named substances are demonstrable 
in the urine in diabetic coma ; and the majority of authors 

• Frerichs, loc. cit., p. 192. 

t This shows that polyuria In diabetes mellitus is not a necessary conse- 
quence, at any rate not in all eases, of the glycosuria, but may be the result of 
nervous disturbance. Concerning diabetes insipidus, see Kiilz, ** Beitr. zur 
Pathol, u. Therap. des Diabetes mellitus u. insipidus," vol. ii. : Marburg, 1875. 
The previous literature on diabetes insipidus is summarized pp. 28-31, and 
particularly that dealing with the occurrence of inosit in the urine in this 
disease. Vide Kiilz, Sitzungsber d. Ges. z. BefOrd. d. ges. Naturw. zu Marburg, 
No. 4 : 1876. For the cliemical properties of inosit, see Maquesne, Cotnpt. rewL 
vol. civ. ii|). 225, 297, and 1719 : 1887. 
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have attributed this variety of coma to their narcotic in- 
fluence,* especially to that of aceton, which acts in this 
respect like alcohol, ether, and other members of this group. 
But more careful experiments showed that the narcotic action 
of aceton was not powerful enough to account for diabetic 
coma,t especially if it be considered that aceton arises from 
proteid, and that the amount of the latter decomposed is not 
suflBcient to yield the quantity of aceton required to produce 
coma. 

The action of aceton resembles that of ethyl alcohol, but 
is not quite as powerful. Aceton can be given to dogs in 
the proportion of 1 grm. for every kilogrm. of body weight 
without any effect. Doses of 4 grms. for every kgrm. cause 
symptoms of intoxication with marked motor disturbances, 
similar to those produced by ethyl alcohol. Eight grms. for 
every kgrm. is the fatal dose of aceton, and from 6 to 8 grms. 
that of ethyl alcohol.J In order, therefore, to poison a person 
weighing 70 kgrms., from 500 to 600 grms. must be taken. 
This amount could not possibly be formed from decomposing 
proteid. 

That diabetic coma does not result from the narcotic 
action of aceton is further proved by the fact already stated, 
that the amount of aceton in the urine sometimes diminishes 
during the stage of coma, while there is an increase in its 
precursor, oxybutyric acid, which has no paralyaing influence 
on the brain. § 

* A complete Bummary of aU the literature on this snbjeot is given by von 
Buhl, ZeiUchr, f, Biolog., vol. xvi. p. 413: 1880; and by Rudolf von Jakaoh, 
" Ueber Acetonurie u. Diaceturie : " Berlin, Hirschwald, 1885. Also Freriohs, 
Zoo. cit.j pp. 114-120. 

t Vide Peter Albertoni, Arch. f. ezper. Path. u. Pharm.^ vol. xviii. p. 218 : 
1884 (from Schmiedeberg's laboratory). This includes a complete report of the 
numerous earlier experiments. 

X Albertoni, loc. eit, pp. 223. 224, 226. 

§ Wolpe, " Unters. iiber die Oxybuttersiure des diabetischen Hames," Dis- 
sert : Konigsberg, 1886 ; Arch. /. exper. Path. u. Pharm.^ vol. xxi. p. 138 : 1886 ; 
and O. Minkowski, Mittheilungen aua der medidn. Klinik zu KSnigshergt vol. xvii. 
p. 443: 1883. 
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Stadelmtmn ' and Minkowski t have, however, offei 
satisfactory explanation of this condition. They refer it to 
a saturation of the alkalies in the blood by the produot» of 
incomplete combustion, which are of an acid nature like 
oxybutyric acid. The symptoms of diabetic coma are, in fact, 
similar to those observed by Fr. Walter J in animals, which 
he poisoned with mineral acids. "When dilute hydrochloric 
acid was injected into the stomach of a rabbit, dyBputea 
occurred, the animal lost the power of motion, and died with, 
all the signs of collapse. But if carbonate of soda were aoh- 
cutaneously injected, after the symptoms of poisoning had 
Bet in, the animals recovered. Walter estimated the car- 
bonic acid in the blood of animals which had been poisoned 
with acids, and found ofily from 2 to 3 per cent, by volume. 
This, as I have shown in our remarks on the gases of the. 
blood (p. 265), is the amount of carbonic acid, which is 
simply dissolved in the blood. Consequently, the blood of the 
poisoned animalB eontaiued no alkalies that could fix tha 
carbonic acid, as they had been saturated with the hydro- 
chloric acid.§ It follows that the blood had been deprived 
of the carrier of the carbonic acid, which consequently ac- 
cumulated in the brain, and produced the usual symptomB. 
Walter has also demonstrated, as I have mentioned, that the 
administration of acids increases the amount of ammonia in. 
the urine. Very similar phenomena are observed in diabetit 
coma. The effect of hydrochloric acid in the experiments on 
animals is identical with that of oxybutyric acid in diabetii 
coma. Here also dyspncea is a symptom ; the diabetic also 
shows an increase of ammonia in the urine, and this increaso 

• E. SUdolmmin, Arch. /. exjjw. Path. u. Fharm., vol. xvu. p. **» : 1BS3, 

t O. Minkowaki, toe. cit. 

I Fr. WsUer, Arch. f. exper. Path. u. Fhatm., vol. vii. p. H8 : 1877 
Scliiuirdebcrg's laburator]'). 

§ Vr'Bltei ilae. eil.) upeaks of withdnivrul a( ulkalt, vrhii'b bos Dot been pn)v«4 
by bU experimenla. The nlkoliea tbat uru saturated bj tlie acid inav rainain 'M 
tilt) bloal as neutisl aalU, uutil the kidneys have eicreled the acid, loaTing tli* 
biuei in tbe blood. 
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reaches the highest point in the stage of coma.* Minkowski 
has also determined the amount of carhouio acid in the 
blood of a comatose diabetic patient, and has only found a 
volume percentage of 3'8. The blood had been taken a 
short time before the death of the patient &om bis radial 
artery.t Blood taken from the dead body had a distinctly 
acid reaction, and contained large quautitiea of oiybutyric 
and sarcolactic acids. 

Finally. I may be permitted to make a few remarks on 
the treatment of diabetica from the chemical point of view. 

Ho long as the causes of the different forms of diabetes 
are unknown to us, there can be no question of a rational 
mode of cure. We can do nothing more than relieve the 
most painful symptoms. 

It has been quite right to try and reduce the amount of 
undecomposed sugar in the body, not only because it ia 
useless, but because its circulation induces disturbances in 
alt the tissues, and because certain organs, especially the 
kidneys, are overworked, and a tormenting tliirst is induced. 
On this ground, muscular work is strongly to be recommended. 
Kiilz.} as we have ahready remarked, has shown that in many 
cases muscular exertion materially diminishes the excretion 
of sugar. Bouchardat asserts that he has obtained permanent 
improvement in many cases by this method. It does not 
answer in ail cases, a circumstance which also tends to prove 
the existence of different forms of diabetes. 

If we desire to reduce the amount of carbohydrates, we 
must be prepared with a Hubstitute. A diet consisting exclu- 

■ Minkowski, loe. eit, p. 179. 

t I inaat refar to the uiticnielj intereating original irork for the detaiU of 
th[a experiment. It also cuuUtDS impLiitaQt oritioal obgeriationi od the moat I 
lecaut litenvturo of iliabctet. 

X KalZftoe. ot't., vol, i.pp. 179-21 G(wlieTe tbe older EtatementsoFTrouefRftnand 
Bouobunlat ate quoted), und vol. ii. pp. 177^180. Also Dr. KstI Zimmer. '' Die 
Huikeln eine Quelto, HuakeUrbell em Hoilmittel bei Diabetes:" Eftrl>bad> 
IISO: and van Ueriug, V«rhanH. d. Oongreiiei /. iantrt Slediein, p. 171: Wiei- 
bBden, 18BG. 
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sively of albumen is objectionable, because it gives rise to 
acetonuria, and increases the danger of coma. So long as 
the theory prevailed that diabetes consisted essentially in 
an inability to decompose the sugar, it was sought to intro- 
duce the products of decomposition of food. But we are not 
acquainted with the intermediate products of the decom- 
position of sugar, and even if they were known to us, we 
could not replace the sugar by introducing them, because at 
the moment of decomposition* kinetic energy is liberated, 
which is utilized in the performance of muscular and other 
functions. Nevertheless, some physicians have thought that 
the daily administration of from 5 to 10 grms. of lactic 
acid would serve as a substitute for the 800 to 800 grms. of 
carbohydrates required by an adult! Larger quantities of 
lactic acid cannot be given, because they would disturb the 
digestion. 

Acting on an erroneous supposition of 0. Schultzen,* who 
imagined glycerin to be one of the normal products of the 
decomposition of sugar, they have tried to replace sugar 
by glycerin. The latter has the advantage over lactic acid 
of its sweet taste, but only a very small quantity can be 
prescribed. After large doses, a part passes utftiltered into 
the urine {vide supra, p. 406). t Glycerin should therefore be 
given in its natural form as fat.f Fats can be digested very 
well by diabetics {vide snjxra, p. 420), and are the best substi- 
tutes for the carbohydrates. § 

So far as I know, the administration of laBvorotatory 

♦ O. Schultzen. Berliner klinische Wochenschr, No. 35: 1872. 

t To satisfy tho sense of taste, saccliariu has recently been introduced as a 
substitute for sugar. With regard to the experiences of its use. see E. Kohl- 
Bchutter und M. Elsasser, -4 rc/t. /. klm, Med., vol. xli. p. 178: 1887; and tho 
iirticle "Saccharin," by T. Stevenson and L. C. Wooldridge, in the LanceU 
November 17, 1888. 

X Considerable variety and change of diet may be effected in the way of fats 
with fat fish, of which a number are easy of digestion, yolk of e^gy fresh cream 
(one-half of its small proportion of milk-sugar being utilized ^ by diabetics), 
almonds, nuts, cocoa, and olives. 

§ Pettenkofer an.l Voit, Ztitschr.f, Biolog., vol. iii. p. 441 : 1867. 
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carbohydrates has never been seriously tried. As diabetes 
is a disease much more common among the well-to-do, there 
must be many patients i^ a position to afford this costly 
article of food. 

It is well known that essential improvement in the con- 
dition of diabetics, especially with regard to the elimination 
of sugar, is effected by the use of alkaline, and particularly of 
Carlsbad, water in the water-cures. It was thought that 
the increased alkalescence of the blood favoured combustion 
{vide supra, p. 267). This explanation appears still more 
probable if we consider the abnormal acids which occur in 
blood of diabetics. But it has been proved by direct experi- 
ments that the mere administration of carbonates of alkalies 
without the mode of life adopted at watering-places, does not 
diminish the excretion of sugar.* 

So far the attempts to subdue diabetic coma by the 
injection of carbonate of soda into the blood have remained 
without any favourable results.f We cannot expect to obtain 
any real improvement from the addition of alkalies, because 
this mode of treatment deals only with the symptoms, and 
not with the cause of the disease. 

♦ Frerichs, Too. c»Y., p. 263. Nencki and Sieber, Joum. f. praht, Chem., vol. 
xxyL p. 83 : 1882. Also Kulz, toe, cit^ vol. i. 81 ; ii. 154. A summary of all 
the earlier literature will be found here. 

t O. Minkowski, Mittheilungen atu der medicinUehen Klinih zu Kdnigiberg 
i. Pr, pp. 183-186 : 1888. 
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CouTARET, digestion of starch, 190 

Creatin, not a source of energy, 148 

, its action on muscle, 151-152 

, precursor of urea, 327-328 

, its composition, 329-330 

Creatinin. See Creatin 

Cresol, 277 

Crustacea, copper in, 28 

Crystallization of proteids, 53-59 

of bile -pigments, 210 

Crystalloids, 63 

Crystals of magnesia-compounds of 
globnlin, 54, 56 

from salt solutions of globulin, 56 

of ha}moglobin, 58 

Cumin I c acid, 280 

CuPBic oxide, as oxygen-carrier, 274 

Cutaneous respiration, 297-303 

Cyanamide, 329 

Cyanic acid, 323, 334-335 

Cymol, 280 

Cystein, 363-365 

Cystin, 363-365 

Cystinuria, 365 

CzERNY, removal of stomach in dogs, 
167 

— , absorption of proteid, 224 

D 

Dahnhardt, lymph, etc., 253 
Danilewsky, comparison of heat-equi- 
valents of gelatin and proteid, 64n. 



Danilewskt, on heat-equivalents, 69 

, isolation of ferments, 1 87 

, experiments to isolate three pan- 
creatic ferments, 1907i. 

, heat-equivalent of peptones, 201 

, globulin in muscles, 252 

Debray, H.,on decomposition of formic 

acid, 184 
Decomposition of food-stuffs, its rela- 
tion to oxidation, 185, 261-262, 263, 
393 

, of proteids, 61, 319 

, processes of, outside the body, 

179-185 
-, processes of, in diabetes, 421 



Defibrinated blood, 235 

, coagulation of, 240 

, methods of separating red cor- 
puscles from serum in, 241, 242 
-, composition of, 243-246 



Degeneration, fatty, 143, 408-409 
Demant,,B., action of intestinal juice 

on food, 204 
Despretz, on the source of animal 

heat, 36 
Dessaignes, hippuric acid, 311 
Deville, Ste. Claire, on decom- 
position of formic acid, 184 
Dextrin, 183, 190-191 
Dextbo-botatory grape-sugar in dia- 
betes, 418, 425 
Dextrose, heat-equivalent of, 70 

, conversion of starch into, 190-191 

Diabetes, 417-439 

, cause of sugar in the urine, 419 

, canse of increased sogcu: in the 

blood, 419 
-, canse of diminution in decompo- 



sition of sugar, 420 
— , increased decomposition of pro- 
teids in, 424 

— ,l89vo-rotatory sugar utilized in,425 
— , artificial, 429 
— , glycogen in the liver, 430 
— , forms of, 433 
— , coma in, 434 
— , treatment of, 437 

-, urine of, 345, 418, 421, 423 



DuBKTic puncture, 429 
Dlakonow, on lecithin, 86 

, on neorin, 87 

Diamond, carbon as, 15 

D I ASTATIC FERMENTS, 188 

Diathesis, uric acid, 331, 333 

, treatment of, 355-357 

DiATOMACE.f:. silicic acid in, 25 
Diet, animal, 76-77 

, vegetable, 79-81 

, in dyspepsia, 306 



, itB effect oi 



ic acid B«cretion, 



DlFIKHESTlATIOS of Cells, S-6 

DrFFUBioN not an eiplsjiBtiun of vital 

procesaOB, 3-5 
DiOEsrcoM, action of aaUTS io, 153 

, gnstric joice in, 15E 

, stomaob in, IW-lSi). 178 

, poDcreatio juioa in, 178, 

180-198 

, nrtifloiftl gaatria jaioe in, 

187-188 
, inlBBtinnl ji 



bilei 



315 



, peptono, where faond during, 

227-832 

of proteidB, IBS, 195-201 

of CBrbohydcfttOB, 100 

of fats, 193 

DioEsTlvE HECBRTloN, importance of 

Bttit in formation of, 121 
flECBETioNs. See SiiiTA, Gastiuc 

JUICB, PaNCBEATIC juice, iNTESimAL 



DiBPLACEHEST of Btrong by weak acida, 
lGl-163 

ingincniased aecFetion 



, 95, 166-167, 



Dli.-BETifs, oai 

of chlorine, 
Does, eipeiimentB 

173-176, 219, 223 
, inteitmal jnioe obtained from, 

202 

with biliary fiatnlie, 215 

DoliumifaiM.flnirt secreted by, 159-160 
, mineral acida, how liberated in, 

DOLOHTTE, 18, 133 

DONATB, E., QQ inTertm, 182 
DoNDEBS, union of sodium and COi in 

the blood, 287 
DsAaENDOBFE,bile-aciilHinQriDe,374n. 
Dbechsil, K., on proloids, 62ii. 
, on crystals of magneiia-com- 

pound of globulin, 54 

, origin of nrea, 323 

Drosdqff, W., blood in portal and 

bepatic Fein a, 372 
D(iLoKO,ODthcsDurceofaninialhent,36 
DuPBE, on eicretion of alcohol, 138 
DispEPsu, HCl BB a remedy in, 171 



Ebstkin, geographical distribation of 
calcnli, 356n. 

oystin, SliS 

EcKEB, A., anatomy of the frog, 266 

EaO-ALBUUEN, 62 

, copper oompnnnda of, 69 

, Bilver componnda of, 60 

, h eat -eqni Talent of, 70 

, peptone obtiuned from, 200 

EoGS, silicic acid in, 27 

Ehhlicb, p., rednoing properties o( 

living tiBBaeB,272 
, prooeasea of redootioa In tbo 

body, 380 
EiCHiioB9i,iTbetberprotoid iBabomljed 

as Bnch, 22% 
El/lBTih, 66 
£ iiEcTTftic c iJKBENT, to explain tbe mabic 

secretion, 161 

oorrentB in nerve and muscle, G 

Elbctsical dischabqes, formation of 



EuBEro, Bodiom in, 131 

, bile in. 214 

, globnlins in, 253 

, oiygen in, 265 

Ehich, Fr., ftntJKptic propertjea of 

bile, 217 
Ehuinchaus, inflnenee of blood-praa- 



Ene 

, kinetic. See Kinetic Enxear 

.potential Ssa Potential BNBBo» 

of the senaea, 12 

Enqelkann, Th., on arcells, 8 

-, on oconrrenoe of ohlorophjll in 

iiifuBoria, 45-46 
Enn, GE/,A,on ohloropby!l-grannl«a, 46 
EFiTiiELUL fELia of intpstine and 

glands, 3, 5. 108, 16*, 174. 184, 236 

pop tones into proteid in, 232 
EprrnELiuu of sidniib. its fimction, 

a-is-ssi 

EquiLiBBiUB, nitrogenons, 66, 79, 22C, 

Eblenheyeb, E., isomerio lactic ftoidt, 

346'i. 
Ebman, intestinal reepiration in Eabea, 

304 
Ebi'ctc acid, 407-408 

ETHTI.BEVZCI1., 280 

Etdilenk ALcoaoL (glycol), 86 
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Ethtlene lactic acid (hydraorylic 

acid), 345tt. 
Ethylene oxide, 87 
Ethtlidene lactic actds, 345n. 
Etuylsulphuric acid, 278 
Etzingeb, on digestion of cartilage 

and bone, 66 
Eyapobation from skin, 113 
Evolution, salt in animala explained 

by, 132-136 
Ewald, C, syntliesiB of fatty acids 

with glycerine in the body, 405 
Extract of meat, yalne as food, 147- 

152 
, inorganic salts in, 149 



F 



FvECEs, hsematin in, 93, 215 

, coloariDg matter of, 358 

Falk, action of gastric jaice and HCl 

on pathogenic organisms, 169 
Fano, fate of peptone, 227 
Fat, its selection by epithelial cells, 

3-5 
of the tissues, its origin from the 

fats of food, 401-408 

from proteids, 408-412 

from carbohydrates, 412-414 



Fats as food, 49, 68-85 

as sources of heat, 71 

, amount in food, 74-76 

, amount required, 85 

allied to lecithins, 88 

, action of pancreatio juice on, 

192 

, their composition, 192 

, emulsifying of, 193, 205, 216 

action of intestinal juice on, 



203 

— , action of bile on, 215 
— , absorption of, 3-4, 192-194, 205, 
216, 221-222 
-, respiratory quotient in combus- 



tion of, 294-296 
— the source of muscular energy, 
392-393 

— , origin of fat of tissues from, 
401-408 

digested by diabetics, 420 



Fatty acids, 88 

, action of alkaline salts on, 198- 

194 



— , whether concerned in formation 
of tissue fat, 404-408 

their synthesis with glycerin, 



405 






Fatty acids, their effect upon nitro- 
genous metabolism, 404, 406 

Fatty degeneration, 143, 408 

Feathers, silioio acid in ash of, 26 

, keratin in, 66 

Fechner, proportion of sensations to 
intensity of stimulus, 42n. 

Fedeb, ammonia in mine, 323 

Feiebtag, H., coagulation of the blood, 
238 

Fermentation, putrid, 156-158 

, alcoholic, 185-186, 398-399 

, lactic and butyric, 170, 186, 

304-306, 398-399 

, invariably accompanied by hy- 
dration, 185-186 

, marsh-gas, 297, 306 

Fermentations in the intestine, 304- 
306 

Febmentatite action, definition of, 
185 

Febments, 179-189 

, salivary, 153-154 

, pepsin, 155, 166, 188 

, rennet, 155n. 

, pancreatic, 156, 189-198 

, liberation of acids by action of, 

165 

, yeast-cells, 182 

, organized and unorganized, 185 

, isolation of, 186-187 

, eflfeot of heat on, 187-188 

, diastatic, 188 

Ferbic oxide, forming strata, 18 

, as oxygen-carrier, 23-24, 276 

• , colloid form, ^51 

, crystalline form, 53 

Febbous oxide, oxygen fixed by, 18 

, iron as, on sorfaco of globe, 23 

Fibbin, 234, 237n., 240 

, heat-equivalent of, 70 

, production of peptone from, 198 

, amount in blood, 247-249 

Filehne, on action of theobromine, 147 

FiscBEB, E., on caffeine, 146 

, constitution of uric acid, 334 

, xanthin, etc., 347n. 

Fistula, biliary, 207ti. 

, composition of bile from, 212 

Flavabd, sulphur compounds in the 
urine, 362 

Fleischeb, elimination of uric acid in 
leuchffimia, 340 

Fleischl, E., bile-acids, where formed, 
374 

FliJoge, C, analyses of blood in portal 
and hepatic veins, 372 

Fluids of pleural and pericardial cavi- 
ties, how ooagulable, 240 

2a 
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Fluobinb, ohmilatioii of, 27 
Fldobbfab, 27 
FoTUs. Bee Embrto. 
Food, 47-152 

, potential energy of, 41, 113 

— , eompoaition of, 74-76 
— , iron in, 103 

■ free from ash, experiments with, 
114-117 

, how preserved in alimentary 

canal, 156 
, action of saliva on, 153 

, gastric jnice on, 165 

, stomach on, 167-169, 176 

pancreatic jnice on, 178, 



190-198 

— , — - intestinal jnice on, 205 

— , bile on, 215 

absorption of, 3, 4, 176, 177, 



218-233 

, nitrogenons, relation of lenco- 
oytes to its absorption, 231 
FooD-STUFFs, definition of, 47-48 

, classification of, 49 

, organic, 50-105 

, inorganic, 106-135 

, heat-eqnivalents of, 69 

-, the paths they take daring ab- 



sorption, 218-233 
-, their oxidation in the body, 267- 



283 



— , respiratory quotient in combus* 
tion of, 294-297 
-, mnscnlar energy, whether due 



to decomposition without oxidation 

of, 393-399 
Force, vital, 1, 3 

, the cause of motion, 29 

Formats of lime, decomposition of, 

183-184 
Form-elements, their relation to co- 

agulation, 240n. 
Formic acid, decomposed by action of 

iridium, etc., 184 
Formula of proteids, 60, 320 
Forster, J., experiments on animals 

with food free from ash, 114 

, proteid metabolism, 226 

, proteids in the urine, 350 

Frank, action of gastric jnice and 

HCl on pathogenic organisms, 169 
Frankel, greater rapidity of proteid 

decomposition in dogs, with dimin- 

ished supply of oxygen, 185n. 

, effect of rarefied air, 260 

Frankland, on heat-equivalents, 69 
Freoericq, Leon, copper in blood of 

certain cephalopods, etc., 28 
, salivary glands of octopus, 160 



FRED^Ricq, L^ON, absence of panoreatio 

ferment in intestinal parasites, 178 

, coagnlation of the blood, 238 

Frerichs, diabetes, 417 

Fret, M. von, emolsifying aotion of 

alkalies, 193 
, gases in blood from moAole, 

891 
, lactic acid in tetanised moBcle, 

897 
Friedbl, C, on oomponnds of silicon, 

26 
Friedlander, carbonic aoid poisoning, 

294 
Frog, oxidation in tissues of, 266 
FuBiNi, cntaneous respiration, 2QS 
Fungi, metabolism of, 44 
— , action of, on opticallj inactivtt 

lactic acid, 426 
Funke, O., perspiration, 303. 
FiJRBRiNGER, P., oxalio acid in the 

urine, 368 



G 



Gaguo, G., carbonic oxide, 276 

, oxalic acid in the nrine, 369, 

369n. 
-, lactic aoid in tetanized mnscle. 



397 
Gahtgens, C, poisoning with arsenio 

and antimony, 409 
, proteid metabolism in diabetes, 

424 
Gall-bladder, composition of bile 

from, 212 
Gall-stones, 210 
Garrod, uric acid in gont, 333 
Gases of the blood (see Oxtgen, Cab. 

BONic acid), 25i-303 
in the alimentary canal, 303- 

309 
Gases, interchange of, in mnscnlar 

work, 389-391 
, , effect of phosphoroB* 

poisoning on, 408-409 
Gas-pump, 2547i. 

Gastric affections, rice as diet in, 132 
Gastric glands, function of, 156 
, formation of hydrochloric acid 

in, 160-167 
Gastric juice, 155-171 

, iron in, 97 

, its antiseptic action, 156-160, 

169 



-, variations in reactionn of, 166 
-, artificial, action of, 187-188 
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"Gastric mucous msmbbane, alkaHne 

reaotioD of, 160 

, BofteDiDg of, 172-176 

Oaotric ulceb, 175 
Gastbo-xntebitis, after poisozung with 

potasstam salts, 150 
Gaulb, J., nnion of sodiam and CO, 

in the blood, 287 
Gautibb, a,, synthesis of xanthio, 

348 
Gayabbet, oo source of animal heat, 

38 
Geddes, on animals containing chloro- 
phyll, 45n. 
Gbesb, effect of extirpation of liver 

on nrine of, 342-347 
Gelatin of cabtilage (chondrin), 62, 

63, 63n. 

• , heat-eqoivalent of, 76 

Gelatins, 61-65 

, amonnt in bonillon, 147-148 

, action of gastric joice on, 155 

Gelatin. yielding substances, 61-66 
as sources of kinetic energy, 

'Gbppbbt, g^-analysis, 254 

, effect of rarefied air, 260 

GiAcosA, oxidation of aromatic com- 
pounds in the body, 279 
Glands, activity of, how explicable, 
6, 108 

, epithelial cells of, 5, 108, 164, 

174 

, salivary, 153-154 

-, gastric, 156, 160, 164-167 



Globulin (crystalline), 52-60 

-, magnesia compounds of, 54, 56- 



58 



-, sodium compound of, 55 
- from pumpkin-seeds, 56 
-, heat-equivalent of, 70 



Globulins, dissoWed by common salt, 

121 

in serum, 250-252 

in muscle, 252 

in ovary, 252 

in seeds and bulbs, 53, 62, 252 

, rCle in the animal economy, 

252 
Glomebuli, renal, 351-352 
'Gltcbrides, neutral {see Fats), 193 
Gltcebin, heat-equivalent of, 70 

in lecithin, 86 

in fat, 192 

, combustion of, 295 
, its synthesis with free fatty 

acids in the body, 405-407 
Glycerinphosphobic acid, 88 
•Glycebtl tbinitbatb, 179 



Gltcin. See Gltcocoll 
Glycocholic acid, 208, 209-210 
Glycocoll (glycin), 63n., 208, 214 

, heat-equivalent of, 70 

, constitution of, 209 
destiny of, 281 



■, concerned in formation of hip- 

purio acid, 311-317 
— -^, concerned in formation of urea, 

319-321 

, product of uric aoid, 334-335 

Glycogen, 48 

in liver, 220 

, formation of, 382-385 

, its origin, 385-387 

the source of muscular energy, 

391-392 

^ amonnt in oamivora, 411 

in diabetes, 430 

Glycol (ethylene alcohol), 86 

Glycosubu, 433 

Glycubonic acid, united with aromatic 

compounds, 281-283 
Goldmann, E., origin of cystin, 363 

, oxidation of oystein, 365 

Gotschel, Ed. von, coagulation of the 

blood, 238 
Gout, uric acid in, 331, 333 

, treatment of, 335-336 

Gouty concretions, 333 

Gbaham, colloids, 51 

, dissociation of bisnlphate of 

potash, 165 
Gbanulb masses, 239 
Gbape-suoab, decomposition of, 181 
, conversion of starch into, 190- 

191 

, oxidation of, 274-275 

Gbaphite, carbon as, 15 
Gravel, diet in cases of, 355 
Gbimaux, colloid modifications of sili- 
cic acid and oxide of copper, 51-52 
, composition of allantoin, 337n. 
Grohmann, W., coagukbtion of the 

blood, 238 
Gboth, O., coagulation of the blood, 

238 
Gbuber, G., digestion of starch, 190 
GsCHEiDLEN, sulphooyanic acid, 367 
GuANiDiN, composition of, 329 

, substituted, 329, 348 

GUANIN, 89, 348 

GUABANA PASTE, 146 

Gubleb, lymph, etc., 252 

Gui^BiN, sulphur comp>ound8 in the 

urine, 362 
Gunning, J., anierobic oiganisms, 263 
Gtebggai, reconversion of peptones 

into proteid, 226 
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HiEMATIN, 58-59 

in the feeoea, 93, 215 

y amoont in blood, 246-249 

, iron fixed in, 102, 882 

, its relation to bile-pigment, 358- 

359, 375-376 
HfMATOGEN, the preoorsor of bssmo- 

globin, 102 
Haematoidin, 376 

HiEMOOLOBIN, 24 

, crystals of, 58 

, how formed, 92-100 

, precarsors of, 100-103 

, amount in blood, 242, 245-250 

, its union with oxygen, 256-261 

, its function, 275-276 

, its relation to bile*pigment, 375- 



379 



in muscle, 397 



HiEMOGLOBINUBIA, 378 

HiCMOBBHAOES, Urobilin in the urine 
after, 377 

Hambubgbb, on absorption of inor- 
ganic preparations of iron, 95 
, on iron in the bile, 97 

Haib, silicic acid in ash of, 26 

, keratin in, 66 

Hallebvobdbn, diabetic urine, 345 

Hammabsten, O., nnclein in milk as 
nucleo-albnmen, 90n. 

, on rennet-ferment, I55n. 

, cholalic acid, 209 

, coagulation of the blood, 238 

, lymph, etc., 253 

Hami^bbacher, oxalic acid in urine, 
369n. 

Hammond, influence of mental work 
on metabolism, 43n. 

Hanau, a., intestinal juice, 206 

Harley, G., on iron in urine, 105 

Harnack, analyses of copper-com- 
pound of egg-albumen, 59 

Haubner, on digestion of woody fibre, 
81 

Haughton, influence of mental work 
on metabolism, 4Sn. 

Hay, spontaneous combustion of, 273 

Hayem, G., coagulation of the blood, 
240 

Heart, action of amanitin and mus- 
carin on the, 87 

, action of potassium salts on the, 

149-151 

Heaet-bubn, 171 

Heat, animal, source of, 35-38 

produced by work, 30, 31 

^— as source of motion, 32 



Heat in plants, 33 

in processes of decomposition, 

179-184 

— in muscular work, 394-895 
, its effect on ferments, 188-189 

liberated in bntyrio fermenta- 
tion, 398 

Heat-equivalent of gelatin, 64 
HEAT-EquiVALENTs of food-stoffs, 68- 

71 
of sugar, and its prodacta of de- 
composition, 399 
Heidenhain, B., salivary glands, 153 

, amount of HCl in gastric juice, 

167 

, secretion of hydrochloric acid 

by certain of the gastric inlands, 
166-167. 

, origin of pancreatic ferment, 
190n. 

, fat in blood, 222 

, reconversion of peptones into 
proteid, 232 

, proteids in the urine, 350 

, indigo, how eliminated.from the 
body, 351 
-, pressure in bile-ducts, 381 



Heltzl, von, isolation of ferments, 187 

Henlb's loops, 351 

Hbnnebebg, digestion of cellulose, 

192 
Henningeb, on peptones, 199 
Hensen, v., lymph, etc., 252 

. glycogen, 382 

Herbivora, respiratory quotient in, 

296-297 
Hermann, L., decomposition of bsemo- 

globin, 258 
, muscular work without oxygen, 

393 
Hermans, perspiration, 300 
Heron, John, digestion of starch, 191 
Herpes, symbiosis in the thallus of, 

45n. 
Herroun, E. F., on bile, 207 
Herter, E., pyrocatechin, 276 

, carbonic acid poisoning^, 294 

Herth, H., on peptone, 199 
Hertwig, O., on symbiosis, 45n. 
Heubach, H., on excretion of alcohol, 

138 
Heyl, N., coagulation of the blood, 

238 
Hill, constitution of uric acid, 334 

HiPPUBIC ACID, 209 

, constitution of, 310 

, formation of, 281, 311 

, its synthesis in the animal body, 

I 312-318 



UlFPVBtC AC 

diet,sa5 



B after T^ietable 
ogcnouB cqaili- 

QuaioCTZ, decoropoBitiaD of proteida, 

319 
HorriiANii, A., blrwd-cella in gyntheiis 

of Lippario acid, 317 
HormiNN, Fkkd., ooagalatioii of the 

blood, 236 
HoiTUAliiK, P. A., proteida in blood, 

etc, 2S3 
■■ ■, miga,T in blood of diahatios, 419 
HorUANH, FsAtiS, abaorptiOD of pro- 
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masole, 152 

332 

tiHBUB-tat from tood- 



HOBHAi 

67 



fat,4U2 

, fonnatioD of fat from prot«id in 

fly-om^^ts, 410 
IIoFUKt!(TEB. Fb., abspucs ot Bromutio 

conponDdB ID gelsil in-fielding inb- 

BtanceB, 63 
, action ot paoorcatic jnieo on 

gelalia-jielding aabstanceB. 195 

, fat« of peptoQH, 227-233 

, Invtilose in diabetea, 42G 

BoNB. i., bile-acida in urine, 374n. 
HopPi-Sktleb, on lecitbin, &6 

, imiverBal pancreatic action, 178 

, dM:acopaaitioa of formate of 

lime b? action of bacteria, 183 

. on ansrobio fcrmentBtion, 185 

, bjdtolion in fenaenlatiTe de- 
composition, 18S 
, aotton of artificial gastric jaice, 

188 
-, decouipoaition ot celluloae by 

b&cteria, 193 

, inteetinal jnioe, 206 

, bile, 210, 212 

, qaantitatiTe snalysis of the 

blood, 243 

, hsmoKlobin, 260. 256 

, IjDiph and seroos tranaadaliona, 

252 
- — -, oijbtDmi^lobio, 257 

, oxygen in saliTa, 265 

. oxidation ot hTdrocarbons, 270 

, conrergioDof benzol intopbenol, 

271 
, hydrogen liberated in the body, 

273 
, beemoglobia not an oxygen- 

carrier, 275 
, Btroggle ot proteid with CO, for 

■odium, 287 
■ , itale of blood after bwnB, S02 



!, on digestion of eloatin, 

-, eyntbeaia of oreatin, 329 

, oonatitntion of uric acid, 334 

HuEFpK. formation of lactic and 

butyric acids by means of unor- 

Kaniied fermenta, 170 
niJrNEH, 6., isolation of fermenta, ItlT 
. effect of beat on pancreatic 

ferment, 189 
, isolation ot pancreatic ferment, 

190 

, luemoglohin, 250 

, oiyhtemoglobin, 257 

Hi;ndb»haqbn, on lecithin, 86 
HuNTEB, John, pest-morlem digestion 

of stomach, 173 
Htpbiitbylic acid (ethylene lactic 

acid}, 345ti. 
Utdbation, invariable accoDipanioirnt 

Elf farmontativo decomposition, lS>i- 



animal and rege- 



186 

IIYDRA VDtlDIS, il 

table nature, 41 

270, 277, 280 
(oiybeDKOl), 280 
HYobDchuibic Jycin, avidity ot, 163 

in gastric jnioe, 155 

, its antiaeptio action, 156-160 

, how formed. 160-164 

, not 1 iberatsd in all the goitrie 

gtanda, 1G6-1G7 

, as a remedy in cblorosia, 104 

, as a remedy in dyepepsia, 171 

HroBOGKN. ciroiUation of, IS 
, heat -eqni Talent ot, 69 

oa u reducing Bnbstance, 270- 

273 

in ferroentstivo prooBBiea, 272 

in alimentaiy canal, 305, 306, 

308-309 

Htdbogen, anlphnretted, 61. 307-308 
ilrpocHONUBLABia, oxalic acid in nrine 



HrpoJtA?STHiN (sa 



in),( 



,347-348 



iNwii, 63. 359-360 
Inpmtl, 278, 359-360 
Influence of hass, 162-163, 258 

iNOBOiNic tooD-Btvrn, 106-135 
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Inosit in diabetes, 421, 434fi. 

Insbcts, oxidation in, 264 

Insects, sodinm in, 138 

Internal sense, not a form of motion, 

2 
— activitj recognized by, 7 

, advantage of, 11 

Intestinal contents, 205 

, urobilin in, 358 
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Pettenkofer, elimination of nitrogen, 
254 

, on respiration, 296 

, effect of muscular work on out- 
put of nitrogen, 390 

origin of tissue-fat from food- 



fat, 403 

— , formation of fat from proteid in 
mammals, 410 

— , digestion of fat in diabetes, 420 
•, interchange of gases in diabetes. 
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Pfeffer, oxidation of oxalic acid, 275 
Pfluger, gas.pump, 254 

, oxygen in dog's blood, 266 

, oxidation in the blood, 262 

, seat of oxidation in the body, 

263 
, illuminating power of animals, 

264 

, oxygen in saliva, 265 

-, partial pressure of CO^ in the 



blood, 285 

, COa in the blood, 289 

, frogs living without oxygen, 396 

Phenol, conversion of benzol into, 

270-271 
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Phenol, its behayionr in tLe body, 
277, 278, 282 

, oxidation of, 278 

fhen0l.p01s0ning, 361 
Phenolsulphate of potassium, 277 
Phenomena, vital, mechanical expla- 
nation of, 1-13 

, psychological explanation of, 7- 
8 
Phenylacettc acid, 280 
Phbnylpropionic acid, 280 
Phloridzin diabetes, 386 
Phosphates of the alkalies, absorption 
of COs in the blood by, 288 

■ , nric acid dissolved by, 832 

Phosphoric acid, amount in soil, 22 
in the blood, its behaviour to- 
wards COa, 286-289 
Phosphorus, circulation of, 22 

, compounds of, 86-91 

, amount in nucloins, 89 

, slow oxidation of, 269-270 

, its behaviour in the body, 276 

Phosphorus-poisoning, its resem- 
blance to alcohol, 143 
-, lactic acid in urine, 345, 34&n., 



367-368 
, fat formed from proteid in, 408- 

409 
Pigments, their rejection by epithelial 

cells, 4-5 

of bile, 210, 351, 374, 375-382 

of urine, 357-360 

PiNNIPEDIA, 154 

Placenta, entrance of iron through 

the, 110 
Planarle, their animal and vegetable 

nature, 45 
Planer, oxygen in the intestine, 304 
Plants, action of sunlight on, 33-35 
, contrasts between animals and, 

43-46 
, maintenance of balance of car- 



bonic acid and oxygen by, 16, 19 

, potential energy of, 33 

, alumina in, 28 

, globulins in seeds and roots of, 

252 

, hydrogen in, 15 

, iron in, 24-25 

, nitrogen in, 20 

, oxygen in, 16 

, phosphoric acid in, 22 

silicic acid in, 25-26 

, sulphur in, 21 

Plasma of the blood, 234, 238-239 

, composition of, 241, 247-249 

Plateau, universal pancreatic action, 

178 



Plosz, reconversion of peptones into 

proteid, 226 
Pneumondl, croupous, 233 
Poehl, a., nature of peptones, 201 
PoHL, J., relation of leucocytes to pro- 
teid food, 231 
Poisoning. See Antimony, Arsenic, 

AND Phosphorus-poisoning 
, symptoms of, after injection of 

iron salts, 99 
PopoifF, decomposition of formate of 

lime, 183 
Potassium, circulation of, 23 

in muscles, 107 

combined with CO, in the blood, 

285-286 
Potassium salts in vegetable food, 

need for salt caused by, 119-121 

, amount in food, 127-132 

, its distribution on the globe, 

132-133 

in bouillon, 149-151 

Potatoes, value as food, 79 

, potassium salts in, 121 

, their effect on the urine, 355 

Potential energy, 29-31 

of plants, 33-34 

of nutrition, 34, 41, 261-262 

Polyuria in diabetes, 433-434 
Pressure, atmospheric, its relation to 

oxygen in the blood, 260 
, relation of CO, pressure 

in the blood to, 284-285, 287, 291, 

293 
Pressure. See Partial pressure 
Preusse, oxidation of benzol, 271 

, C, cresol, 276 

, C, origin of cystin, 363 

Preyer, action of digestive glands in 

the embryo, 214 

, oxygren in blood of herbivora, 256 

, decomposition of ozyhsemo- 

globin, 258 
, W., action of oxyhsamoglobin 

on sodium carbonate, 289 
Prior, action of quinine on uric acid, 

341 
Propane (marsh-gas), 398 
Propeptone, I95n. 
Propylbenzol, 280 
Proteid metabolism, 225-226 

, in diabetes, 424 

Proteid-molbcule, sulphur in, 21, 22 
Proteids, 50-61 

, their composition, 50 

, colloid properties of, 50-52 

, coagulation of, 52-53 

, molecular weight of, 54-55, 57 
, crystallization o^ 63-59 
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Pboteids, formnlss of, 60, 820 

f products of decomposition of, 

61, 319, 320 

, relation to gelatins, 61-66 

, amount required, 72 

, amount in tissues, 78 

, amount in food, 74r-77 

f action of gastric juice on, 155 

, action of pancreatic juice on, 
194-200 
, action of intestinal juice on, 203 
-, action of bile on, 214, 216 



— , absorption of, 77-78, 223 
— , whether peptonized before ab- 
sorption, 223-227 
— , reconversion of peptone into, 



228—232 

— in blood, 234, 242-243, 245-252 

— in lymph, 252-253 

— in urine, 350 

— , its struggles with GOg for sodium, 
286-289 

— , respiratory quotient in combus- 
tion of, 294-296 
-, relation to conjugated sulphuric 



acids, 360, 362-363, 366 
— t glycogen formed from, 885-886 
— , the source of muscular energy, 
888-^89, 392, 393 
-, fat of tissues formed from, 408^ 



412 
Protoplasm, incorporation of fat with, 

3 

, paychical processes in, 8-9 

Psychical peocesses in protoplasm, 

8-9 
Psychical pbocesses, their relation 

to conservation of energy, 88, 41- 

43 
Psychological explanation of vital 

phenomena, 7-8 
Psychology not an exact science, 12 
Pumpkin-seeds, crystalloids of, 56 

PUTREPACTION, 156-159 

in absence of bile, 215, 217 

Pyelitis, 233 

Pylorus, alkaline secretion of, 166 

, carcinoma of, 17 In. 

Pyeocatechin (dioxy benzol), its be- 
haviour in the body, 276-277, 280 

Pyroqallol, oxidation of, 268, 270 

, its behaviour in the body, 276, 

277 



Quevenne, lymph, etc., 252 
Quincke, absorption of iron after its 
injection, 98 



Qxtinceb, intestinal juice, 202 

, bile-pigment in the blood, 877 

, hsematogenous jaundice, 378 

Quinine, its action on cells, 317 

, its effect on formation of nric 

acid, 341 
Qcotibnt, respiratory, 294-297 
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Badbnowitsch, oxidation of benzalde* 

hyde, 270 
Badziszewskt, S., phosphoresence in 

animals, 264, 273 
, amido-acids, 319 

, origin of indigo in the body, 359 

Banks, H., on diet, 80 

, proportion of uric acid to nrea 

in leuchsBmia, 340 
Bauschbnbach, Fb^ coagulation of the 

blood, 238 
Bbaction, acid, of gastric juice, 155 
— ^ in upper portion of small intes- 

tine, 205, 217 
Bbaction^ alkaline, of gastric znuooos 

membrane, 160 
■ of pyloric secretion, 166 
^-— of gastric juice under pathologic 

cal conditions, 170 

— of intestinal secretions, 178 
Beaction, Millon's, 63n. 

Be actions of intestinal contents, 20S- 

206 
Bechrnberg, on heat-equivalents, 69 
Becklinghausen, bile-pigment in the 

blood, 377 

BeDUCED HiEMOGLOBIN, 24 

Beducing substances, 262-263 

in the blood of asphyxiated 

animals, 267 

in the tissues, 271-273 

Beduction, processes of, in the intes- 
tinal contents, 396 

f vegetable life a process of, 43— 

44 

Begnault, on respiration, 296 

Beiset, J., elimination of nitrogeo, 254 

, respiration, 296 

Benal disease, after injection of iron 
salts, 99 

, rice as diet in, 132 

Benal secretion, 349 

Benal tubules, 349-351 

Bennet ferment, 155n. 

Bespiration, internal and external, 
255 

, behavioar of oxygen in, 256- 

283 
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BispiBATioN, beharionr of carbonic 

acid in, 284-297 

, cntaneona, 297-303 

, effecfc of partial pressure of 

oxygen on, 259-261 
-, effect of high tension of GO, on, 



294 
BisPiBATORT DISTURBANCES, elimina. 

tion of uric acid in, 339 
Bespibatobt rxchanoks in mascnlar 

work, 389-391 
, effects of phosphoms-poisoning 

on, 408-409 
Bespi&atort quotient, 294-297 
Bbtina, image on, 6 
Bheumatism, action of skin in, 301- 

302 
Bhizopods, method of taking np food, 

3 
Bice, potassium salts in, 127, 131- 

132 

BiCKETS, 112 

Bieder, on elimination of nitrogen 

after non-nitrogenoas food, 77 
BiEss, L., inflnence of alcohol on meta- 
bolism, 142 
— , elimination of nric acid after 

yenesections, 339 

, lactic acid in nrine, 345 

BiETScH, on comma bacillns, 169-170 
Bitthausen, on crystalline proteid, 57 
BoBiN, hsBmatoidin, 376 
Bock-crystal, silicic acid as, 53 
BoHMANN, F., on absence of chlorides 

from nrine, 108n. 

, on bile, 215 

Boh RIO, A., the paths of absorption, 

218 
BosENfSLD, G., origin of aceton in 

diabetes, 423 
BossBACH, M., origin of aceton, etc., 

in diabetes, 423 
Burner, on heat-equivalents, 69 

, absorption of proteid, 77 

, butyric fermentation, 305 

, differences between warm and 

cold blooded animals, 396n. 
-, formation of fat from carbohy- 



drates, 414 
BuBT, alumina as, 53 

S 

'Sacharjin, sodium in blood, 244 
Sachs, on silicic acid in plants, 26 
Sachsendahl, coagulation of the 

blood, 238 
Saikowskt, effect of poisoning with 

arsenic and antimony, 409 



Saliva, the, 153-154 

, oxygen in, 265 

, sulphocyanates in, 367 

Saliva RT glands, 153-154 

of molluscs and of octopus, 158- 

160,164 
— , sulphocyanio acid formed in 

367 
Salkowski, E., effect of heat on certain 

ferments, 189 

, on taurin, 214 

• , oxidation of food-stufEs, 268 

— ^, etbylsulphuric acid, 278 

, hippuric acid, 312 

, amido acids, 319 

, origin of urea, 328 

, uric acid, 334 

, allantoin, where found, 337 

, indol, 359 

— , sulphur componnds in the urine, 

362 

, fate of tanrin in the body, 366 

-, hsBmatoidin, 376 



Salmon, metabolism of, 91 

, increase of globalin in propor- 
tion to growth of ovary in, 251 

Salomon, synthesis of hippuric acid, 
318 

Salt, common, 118-135 

, its importance in the organism, 

121 

Saltpetre, formation of, 272-273 

Salts, inorganic, 106-135 

, amount required by infant, 106 

, comparative amount in ash of 

milk and of sacking animals, 107- 
110 

amount in articles of diet, 
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, amount required by adults, 113- 

118 
Salts, metallic, 163 
Salts of iron. See Iron 

of lime, 111-112 

— of manganese, 96, 98 

of potassium. See Potassium 

Salvioli, G., fate of peptone, 229 
, proteids in blood of starving 

animals, 251 
-, proteids in blood, etc., 253 



Samson-Himmelstjebna, E. von, co- 
agulation of the blood, 238 

Samson-Himmelstjbrna, J. VON, coa- 
galation of the blood, 238 

Sandstone, silicic acid as, 17 

Sarcin (hypoxanthin), 347-348 

Sarcolactic acid, 345-346n., 397 

in diabetes, 437 

Sarcosin (methylglycocoll), 329 
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ScHAFFSR, conjngated snlphnrio acids 

in nrine, 279 
ScHARLiNG, interobaDge of gases in 

musoalar work, 391 
SCHERB&, composition of lymph, etc., 

252 
ScHEUBE, B., nric acid, 333 
ScHiFF, glycogen in hibernating mam- 
mals, 385 
ScHLosiNG, formation of saltpetre, 273 
Schmidt, A., isolation of ferments, 187 

, effect of heat on pepsin, 189 

, coagnlation of the blood, 238 

, gas-pnmp, 254 

, seat of oxidation in body, 262 

, COj in the blood, 289 

, on rennet ferment, 155 

Schmidt, Aug., on excretion of alcohol, 

138 
Schmidt, C, amount of iron in blood, 

92 

, absorption of iron, 97 

, saliva, 153 

. , the hydrochloric acid in gastric 

juice, 155 
. , amount of HCl in gastric juice 

of dog, 157 
-, analysis of ash of pancreatic 



juice, 194 

, biliary fistulae, 207 

, sodium in blood, 244 

, Btaryation, 251 

. , composition of lymph, etc., 252 

ScHMiDT-MuLiiEiM, albumosos, etc., 

196 
, acidity of intestinal contents, 

207 n. 
-, the paths of absorption, 218, 
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, conversion of protoid into pep- 
tones, 226 

ScHMiEDEBERO, O., ou crystalline com- 
pounds of proteid, 54 

, on amanitin and muscarin, 87 

, on paralyzing action of alcohol, 

139 

■ , oxidation of food-stuffs, 268 

, glycuronic acid, 281 

, synthesis of hippuric acid in 

animal body, 313 
-, thiosulphnric acid in urine, 367 



Schneider, R,, on absorption of 

caffeine, 146 
ScHOFFER, A., isolation of ferments, 

187 
, amount of carbonic acid in the 

blood, 284 
ScHONBEiN, on formation of nitrite of 

ammonia by evaporation, 20 



ScHONBEiN, ozone, 268 

ScHOTTEN, behaviour of amido-aoida in 
the body, 279 

Schoumoff, on action of alcohol, 143, 

Schroder, W. von, uric acid in birds, 
341, 347 

, urea where formed, 824 

, influence of nervona system on 

renal secretion, 352 

Schxjltze, M., on Lampyria splendi- 
dula, 264 

, effect of heat on blood-cor- 
puscles, 302 

Schultzen, O., benzol, 271 

, behaviour of aromatic com- 
pounds in animal body, 280 

, amide acids precnrsors of urea, 

320 

, the urine in leuchsemia, 340 

, lactic acid in urine, 345 

, ozaJic acid in urinej 368 

, metabolic processes in diabetes, 
421 

Schulze, B„ formation of fat from 
carbohydrates, 412 

Schulze, E., digestion of staroh, 190 
, decomposition of proteids, 319 

Schunck, E., oxaluric acid in human 
urine, 338 

SchUtz, E., influence of alcohol on 
digestion, 143 

Schutzenberger, decomposition of 
proteids, 319 

ScHirrzKWER, on absorption of caffeine, 
146 

Schwann, biliary fistulse, 207 

, functions of bile, 215 

ScHWARZER, digestion of starch, 190 

Schwendener, on symbiosis in thallus 
of herpes, 45n. 

Scrofula, oxalic acid in urine of, 369 

SczELKOw, oxygen in blood of herbi- 
vora, 256 

— '■ — , amount of carbonic acid in the 
blood, 284 

, gases in blood from mnscle, 391 

Secretion, processes of, how ex- 
plicable, 5 

of milk, 107, 108 

-, digestive, importance of salt in. 



121 
-, renal, 349 



Secretions, digestive. See Sauva, 
Gastric juice, Pancreatic juice. 
Intestinal juice. Bile 
Sediment, uric acid, 331, 333 
Seegen, J., diabetes mcllitus, 417 
Self-digestion of stomach, 172-175 
Semmer, G., granule masses, 239 
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Senator, Tamishing of skin, 301 

, poisoning bj snlpharetted hydro- 
gen, 307 

— , elimination of nrio acid in re- 
spiratory distorbanoes, 339 

Sensation, form of motion, 2 

, cause of, 38, 41 

Sense, internal, not a form of motion, 
2 

, , activity recognized by, 7 

, J advantage of, 11 

Senses, energy of the, 12 

, action of food on, 136 

, stimulation of, its relation to 

sensations, 41-42 

Sebum of blood, 234 

, ooagolation brought about by, 

240 

, composition of, 243-246, 249, 

250 



— , methods of separating red cor- 
puscles from, 241-242 

proportion of corpuscles to, 



242-245 
-, composition of ash of, 286 



Sebum-albitmen, 52 
Sebum-olobitlin, 52 
Setschenow, CO, in the blood, 289 
Siebeb, N., on strength of HCl re- 
quired to prevent putrefaction, 
156 
^— , hssmoglobin, 250 

, oxidation of food-stuffs, 268 

, oxidation of benzol, 270 

, oxidation in diabetes, 421 

Silicic acid, circulation of, 25-27 

-^ its struggle with carbonic acid, 

17-18, 132 

, its importance in development 

of hairs and feathers, 26 

, colloid form, 51 

', crystalline modification as rook- 



crystal, 53 
SiucoN (see Silicic acid), 25-27 
SiLVEB-coMPOUNDS of ogg-albumen, 60 
SiMANOWSKi, on action of alcohol, 143 
Simon, Th., lactic acid in urine of 

trichinosis, 368 

SiNAPIN, 87 

Skin, respiration by tho, 297-303 
, amount of CO, g^ven out by, 

298 
Slevoot, F., coagulation of the blood, 

238 
SMrrH, Ed., respiratory exchanges in 

muscular work, 891 
Soaps, their rdle in digestion, 193- 

194 
in bile, 211 



Soaps in chyle, after diet of free fatty 

acids, 405 
Sodium, circulation of, 23 
, loss of, after vegetable food, 120, 

121 
, its decrease during growth of 

organism, 134 

, amount in food, 127-130 

-, its distribution on the globe, 132- 
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combined with carbonic acid in 



the blood, 285-289 
— in blood, 244-249 
in cartilajre, 107, 134 



Sodium cabbonate in blood, 160, 164, 
288 

Sodium chlobide, formation of hydro- 
chloric acid from, 160-164 

Sodium-compound of globulin, 55 

Soluble stabch, 191 

Solutions, apparent. See Colloids 

SoBET, ozone, 268 

Soxhlbt, F., formation of fat from 
carbohydrates, 412 

Space, its relation to consciousness, 2 

, ideas of, how caused, 2n. 

Spallanzani, antiseptic action of g^- 
tric juice, 158 

, cutaneous respiration, 297 

Specific obayitt of blood, 247-249 

Speck, C, influence of mental work 
on metabolism, 43n. 

, interchange of gases in muscular 

work, 391 

Speculab ibon obe, oxide of iron as, 
53 

Spebmatozoon, hereditary transmis- 
sion through, 10 

Spibo, p., nitrogen and sulphur in 
bile, 214 

, lactic acid in tetanized muscle, 

897 

Spleen, uric acid in the, 340 

Splenic peveb, bacteria of, 169, 189 

Stadeleb, bile-pigments, 210 

Stadelmann, amount of coloaring 
matter in bile, 211 

, diabetic urine, 345, 423 

, jaundice due to obs traction, 381 

Stadthagbn, cystin in the body, 363, 
365 

, xanthin-bodies, 348 

Stabch, action of saliva on, 153-154 

— , decomposition of, 182-183 

, digestion of, 190-191 

, heat-equivalent of, 70 

Stabyation, globulins of blood in- 
creased in, 251-252 

Steabic acid, heat-equivalent of, 69 

2h 
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Stearic acid, in lecithins, 86| 

, in fats, 192 

, combustion of, 295 

Sthitbebo, on leachsBinia, 340 
Stbinbuch, physiology of the senses, 

2n. 
Stbinbb, J., emulsifying action of 

alkalies, 193 
Stebn, H., extirpation of liyer in birds, 
348 

, bile-pigment, where formed, 374 

Sttmulaitts, 136 

Stimulation op senses, relation to 

sensations, 41-42 
Stohmann, on heat-equivalents, 69 

, digestion of cellulose, 192 

Stolnieow, extirpation of lirer in 

mammals, 343 
Stomach, peristaltic action of, 157-158 

f functions of, 167-169, 176 

, removal of, in dogs, 167 

, self -digestion of, 172-175 

, decomposition of fats in, 193n. 

Stone in bladdeb of sheep, caused 

by silicic acid, 26 
Stobch, O., output of nitrogen in phos- 
phorus-poisoning, 409n. 
Stbassbubo, parti^ pressure of COt in 

the blood, 285 
Stbbceeb, a., on lecithin, 86 

, production of neurin from bile 

(cholin), 87 

, bile-acids, 208 

, synthesis of creatin, 329 

, decomposition of uric acid, 334 

, constitution of uric acid, 334 

Stbooanow, blood of asphyxiated 

persons, 259 
Stbohmeb, formation of fat from car- 
bohydrates, 413 
Strom ATA, 242 

Strumpell, Ad., on absorption of pro- 
teid, 78 

, thiosulphuric acid in urine of 

typhus, 367 
Subbotin, v., excretion of alcohol, 138 

, formation of fat from proteid, 

412 
Substituted ctstein, 363-364 
Substituted ouanidin, 329, 348 
Substituted ureas, 366 
Succinic acid, heat-equivalent of, 70 
Sugar, conversion of starch into, 190- 
191 

, absorption of, 219-220 

, in normal urine, 367-368 

f in diabetes, 418, 425 

and its products of decomposi- 



Sulphates of the alealies and alka- 
line earths, 24 

Sulphides, alkaline, action of iron on, 
103-104 

SULPHINDIOOTATE OF POTASSIUM BB 

oxyg^D'carrier, 274 

SuLPHocTANic ACID in the urine, 367 

Sulphur, circulation of, 21-22 

, as oxygen-carrier, 23 

in bile, 208-210, 214 

in hemoglobin, 24, 58-59, 257 

in keratin, 66 

in proteids, 65-60, 115, 200, 362- 

368 

Sulphur compounds in the nrine, 
362-367 

Sulphuretted hydrogen, product of 
decomposition of proteids, 61 

in intestinal gases, 307-306 

Sulphuric acid, aridity of, 162 

, product of decomposition of pro- 
teids, 61 

, its action in absence of basic 

salts from food, 115-117 

in fluid secreted by molloEca, 159- 



160 
Sulphuric acids, conjugated, 277-279 

in the urine, 359-362 

. See Indioo 

Sulphurous acid, oxidation of, 274 
Syntheses in the animal body, 312- 

318, 401-402 
Synthesis of fatty acids with glycerin 

in the body, 405, 407 
Stmbionta, 46 
Stntonin, 63n. 
SzABo, D., on amount of HCl in undi. 

luted gastric juice, 167 



tion, heat-equivalents of, 399 



Tacke, B., fate of hydrogen and marsh- 
gas in the body, 308 

Tammann, 6., on detection of fluorine, 
27n. 

Tappeiner, on gastric absorption, 176 

, decomposition of cellulose, 192 

, cholalic acid, 209 

, state of blood after bums, 302 

, intestinal gases, 305 

, benzoic acid, 312 

Tarchanoff, bile-pigment in the blood, 
380 

Tartaric acid, combustion of, 297 

Tauber, behaviour of phenol in the 
body, 279 

Taurin, 208, 209, 214 

, sulphur in, 363 
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